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ABSTRACT:  The  Facilities  Area  Network  (FAN)  Workshop  was  hosted  in  February  2004  by  the 
U.S.  Army  Engineer  Research  and  Development  Center  (ERDC)  as  part  of  Consolidated  Facility  Ob¬ 
ject  Model”  (CFOM)  project.  The  purpose  of  that  work  is  to  develop  prototype  projects  in  design,  con¬ 
struction,  and  operations  that  demonstrate  the  benefits  of  secure  web  service  confederations.  The 
FAN  Workshop  was  convened  as  part  of  the  goal-setting  phase  of  the  CFOM  project  to  assess  the 
state  of  the  art  of  required  enabling  technologies;  review  standards-development  activities  for  rele¬ 
vant  data  exchange  technologies;  define  technology  gaps  that  must  be  filled;  and  identify  opportuni¬ 
ties  to  collaborate  with  other  agencies  and  leverage  related  research  and  technology  transfer  activi¬ 
ties.  This  report  documents  the  proceedings  of  the  FAN  Workshop,  and  includes  copies  of  all  papers 
and  multimedia  presentations  offered  at  the  workshop. 


DISCLAIMER:  The  contents  of  this  report  are  not  to  be  used  for  advertising,  publication,  or  promotional  purposes. 
Citation  of  trade  names  does  not  constitute  an  official  endorsement  or  approval  of  the  use  of  such  commercial 
products.  All  product  names  and  trademarks  cited  are  the  property  of  their  respective  owners.  The  findings  of  this 
report  are  not  to  be  construed  as  an  official  Department  of  the  Army  position  unless  so  designated  by  other 
authorized  documents. 

DESTROY  THIS  REPORT  WHEN  IT  IS  NO  LONGER  NEEDED.  DO  NOT  RETURN  IT  TO  THE  ORIGINATOR. 
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Preface 

The  workshop  documented  in  this  report  was  conducted  for  Headquarters,  U.  S. 
Army  Corps  of  Engineers  (HQUSACE),  under  Program  21  2040  622784T4100, 
“Military  Facilities  Engineering  Technologies”;  Project  HD630H,  “Consolidated 
Facility  Object  Model.”  The  technical  monitor  was  Dr.  Paul  A.  Howdyshell, 
CEERD-CV-ZT. 

The  work  was  performed  by  the  Facilities  Management  Branch  (CF-F)  of  the  Fa¬ 
cilities  Division  (CF),  Construction  Engineering  Research  Laboratory  (CERL). 
The  Project  Manager  was  E.  William  East.  Vickey  J.  McDonald  and  Jeff  Moll, 
contractor  with  Resource  Center  Enterprises,  are  acknowledged  for  their  contri¬ 
butions  and  support.  Technical  editing  support  was  provided  by  Gordon  L. 
Cohen  and  Vicki  A.  Reinhart,  Information  Technology  Laboratory  -  Champaign. 
Mark  W.  Slaughter  is  Chief,  CEERD-CF-F,  and  L.  Michael  Golish  is  Chief, 
CEERD-CF.  The  Technical  Director  of  the  Facility  Acquisition  and  Revitaliza¬ 
tion  research  domain  is  Dr.  Paul  A.  Howdyshell,  CEERD-CV-ZT.  The  Director  of 
CERL  is  Dr.  Alan  W.  Moore. 

CERL  is  an  element  of  the  Engineer  Research  and  Development  Center  (ERDC), 
U.S.  Army  Corps  of  Engineers.  The  Commander  and  Executive  Director  of  the 
ERDC  is  COL  James  R.  Rowan,  EN,  and  the  Director  is  Dr.  James  R.  Houston. 
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1  Introduction 


Background 

The  Facilities  Area  Network  (FAN)  workshop  was  organized  as  part  of  a  U.S. 
Army  Research,  Development,  Test,  and  Evaluation  (RDTE)  project  entitled 
“Consolidated  Facility  Object  Model”  (CFOM).  The  purpose  of  that  work  is  to 
develop  prototype  projects  in  design,  construction,  and  operations  that  demon¬ 
strate  the  benefits  of  secure  web  service  confederations.  The  initial  CFOM  proof- 
of-concept-demonstration  will  address  facility  operations  and  maintenance. 

The  objectives  of  the  CFOM  project  are  to: 

1.  Demonstrate  the  benefits  of  integrating  life-cycle  information  management 
through  selected  high-impact  applications. 

2.  Create  a  secure  information  infrastructure  that  allows  the  exchange  of  infor¬ 
mation  among  authorized  business  partners  and  systems. 

3.  Identify  how  the  Federal  government  can  adapt  ongoing  public,  private,  and 
international  progress  in  the  field  to  develop  government- wide  project  infor¬ 
mation  standards. 

Although  inventory  and  management  information  is  generated  and  revised  by 
individual  stakeholders  throughout  a  facility  life  cycle,  there  is  currently  no 
straightforward  channel  or  mechanism  for  sharing  the  information  among  all 
concerned  stakeholders,  especially  those  with  responsibilities  upstream  or  down¬ 
stream  in  the  life  cycle.  Overall,  the  problem  involves  technology,  corporate  cul¬ 
ture,  and  organizational  inertia.  The  current  CFOM  work  focuses  on  technology 
development  and  transfer. 

In  general  terms,  CFOM  is  intended  to  address  the  problem  of  maintenance  ac¬ 
tivities  that  require  a  high  level  of  effort  in  terms  of  information-seeking  and 
data-reporting.  The  excessive  amount  of  time  required  to  process  relevant  facil¬ 
ity  O&M  information  decreases  'wrench  time’  and  work  quality  compared  with 
the  optimal  situation  in  which  all  required  information  is  available  and  conven¬ 
iently  accessible. 
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The  tools  and  systems  currently  available  to  help  address  facility  stakeholder 
requirements  were  developed  as  needed  and  where  resources  were  available. 
Despite  efforts  to  standardize  future  tools,  stand-alone  legacy  systems  will  con¬ 
tinue  as  part  of  the  management  environment  for  the  foreseeable  future.  Emerg¬ 
ing  generic  web  service  standards  identify  communication  protocols  but  do  not 
adequately  address  the  issue  of  creating  reliable  and  secure  system  confedera¬ 
tions.  The  CFOM  project  will  define  and  build  a  confederated  web  service  archi¬ 
tecture  specifically  to  serve  the  needs  of  stakeholders  in  the  area  of  facilities  op¬ 
erations  and  maintenance. 

It  is  hypothesized  that  providing  real-time  access  to  as-built  facility  information, 
repair  histories,  schematics,  and  repair  manuals  will  dramatically  decrease  un¬ 
productive  data-seeking  time  while  ensuring  higher  reliability  of  the  stored  in¬ 
formation.  Easy  access  to  the  right  data  at  the  right  time  is  expected  to  improve 
productivity  and  work  quality.  Furthermore,  by  incorporating  robust  wireless 
communications  capabilities,  personnel  will  be  able  to  enter  data  directly  at  the 
point  of  activity  and  eliminate  duplicative,  untimely,  and  often  error-prone  data 
reporting  processes.  In  order  to  achieve  these  improvements,  however,  Facility 
Area  Networks  must  bring  together  the  power  of  distributed  data  services  and 
context-aware  computing  devices  in  a  reliable,  cost-effective  manner. 

There  are  technology- driven  opportunities  to  exploit  and  leverage.  The  concept 
of  location-based  “augmented  reality”  could  enable  personnel  who  need  facility 
information  to  obtain  it  in  real  time  through  a  web  service  confederation.  Hand¬ 
held  and  wearable  computers  could  provide  means  to  deliver  such  information  to 
individual  users. 


Workshop  Objectives 

The  FAN  Workshop  was  convened  as  part  of  the  goal-setting  phase  of  the  CFOM 
project  to: 

•  Assess  the  state  of  the  art  of  the  various  enabling  technologies  required 
for  Facility  Area  Networks. 

•  Review  and  assess  standards-development  activities  for  data  exchange 
technology  relevant  to  Facility  Area  Networks. 

•  Define  the  technology  gaps  that  must  be  overcome  in  order  to  achieve  the 
vision  of  real-time  access  to  life-cycle  information  by  government  facility 
owners,  managers,  and  tenants. 
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•  Identify  opportunities  for  leveraging  and  collaboration,  and  to  plan  a 

course  of  action  within  the  CFOM  and  FAN  contexts  to  capitalize  on  those 
opportunities. 


Organization  of  This  Document 

The  remainder  of  this  report  covers  the  proceedings  of  the  workshop.  Chapter  2 
provides  the  agenda,  an  overview  of  workshop  content,  and  a  list  of  attendees. 
Chapter  3  reproduces  copies  of  the  papers  and  multimedia  PowerPoint®  presen¬ 
tations  in  the  order  presented.  Chapter  4  offers  a  summary  of  the  workshop  dis¬ 
cussion  sessions  that  followed  the  presentation  sessions.  Chapter  5  provides  a 
summary  of  the  major  points  and  recommendations  developed  by  workshop  at¬ 
tendees. 
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2  Workshop  Agenda  and  Overview 


A  facsimile  of  the  workshop  agenda  is  presented  below  through  page  6. 


Facility  Area  Network  (FAN) 

February  26-27,  2004 

Construction  Engineering  Research  Laboratory 

2902  Newmark  Drive 

Champaign,  IL  61820 

GDSS  Room,  Collaboratory,  Training  Conference  Room 

AGENDA 

Feb  26: 

0800-0810 

Welcome 

CERL  Director, 

Dr.  Alan  Moore 

0810-0815 

Administrative  Announcements 

CERL/Bill  East 

0815-0830 

Purpose  of  Meeting 

CERL/Bill  East 

Current  Practice 

0830-0845 

GSA  Future  Direction  on  Maintenance  Management 

GSA/Dean  McCauley 

0845-0930 

OMSI:  Operation,  Maintenance,  and  Support  Information 
—  Capturing  Facility  Data  During  Design  and  Construction 

Navy /Bill  Dunn 

0930-0945 

Break 

0945-1030 

Automated  Resource  Management  System  (ARMS) 

A  real-time,  wireless  capable,  integrated  client/server, 
computer  application  designed  to  capture,  process,  and 
share  environmental  baseline  survey  data 

CERL/Tad  Britt 

Data  Collection  &  Integration 

1030-1115 

The  Role  of  Ubiquitous  Computing  in  Facility  Life-Cycle 
Information  Integration 

Uofl/Liang  Liu 

1115-1200 

Assessment  of  the  usage  of  different  sensor  systems 
and  standard  product  models  in  creating,  accessing 
and  transferring  data  for  building  commissioning  and 
facility  management 

CMU/Burcu  Akine 

1200-1245 

Lunch  (No  Host  Catered) 

1245-1330 

RFID  Technology  for  Pervasive,  Ubiquitous 

Computing  in  the  Life-Cycle  of  Construction  Projects 

Iowa  State/ 

Edward  Jaselskis 

Prepared  1 1  February  2004 

Facility  Area  Network  (FAN) 

February  26-27,  2004 

Construction  Engineering  Research  Laboratory 
2902  Newmark  Drive 
Champaign,  IL  61820 

GDSS  Room,  Collaboratory,  Training  Conference  Room 

1330-1415  Position  Tracking  Using  Ad-Hoc  Wireless  and  NIST/ Alan  Lytle 

Laser  Measurement  Technology:  Experiences  at  the 
Construction  Metrology  mid  Automation  Group 

1415-1430  Break 

1430-1515  IFC  Data  Service  CERL/ 

Francois  Grobler 

1515-1615  Lab  Tour  CERL/ 

Public  Affairs  OfFio 

1615  Close 

Feb  27: 

0800-0810  Administrative  Announcements  CERL/Bill  East 

Summary,  Results,  &  Findings 

0810-1130  Summary  of  State  of  Practice/Future  Directions  ALL 

1 130-1230  Lunch  (No  Host  Catered) 

1230-1430  Conclusions,  Actions,  Recommendations  ALL 


1430 


Closure 
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Facility  Area  Network  (FAN) 

February  26-27,  2004 

Construction  Engineering  Research  Laboratoiy 
2902  Newmark  Drive 
Champaign,  IL  61820 

GDSS  Room,  Collaboratory,  Training  Conference  Room 

Attendees: 

Burcu  Akinci,  CMU 

Muhsine  Tanyel  Turkasl  an- Bulbul,  CMU 

Esin  Ergen,  CMU 

Chris  Gordon,  CMU 

Alan  Lytle,  NIST 

Edward  Jaselskis,  IA  State 

Bill  Dunn,  Navy 

Reginald  Gavett,  GSA 

Dean  McCauley,  GSA 

Liang  Y.  Liu  PhD  ,  Uofl 

Lucio  Soibelman  PhD,  Uofl 

Jeff  Moll,  RCE 

Bill  East,  CERL 

Jeff  Kirby,  CERL 

Tad  Britt,  CERL 

Francois  Grobler,  CERL 


Prepared  11  February  2004 


Dr.  Alan  W.  Moore,  Director  of  ERDC-CERL,  opened  the  workshop  in  a  welcome 
address.  Dr.  Moore  emphasized  the  central  role  of  facilities  in  the  execution  of 
the  Army  mission.  He  spoke  about  the  importance  of  managing  and  maintaining 
the  facilities  in  a  sustainable  manner,  in  the  context  of  good  stewardship  of  mili¬ 
tary  lands  and  being  good  neighbors  to  nearby  communities.  He  welcomed  the 
participating  experts  and  expressed  delight  to  have  a  group  of  such  distin¬ 
guished  scholars  to  address  these  issues  in  the  workshop.  Dr.  Moore  sketched  an 
image  of  very  intelligent  buildings  that  can  monitor  themselves,  adjust  appro- 
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priately  to  detected  user  and  environmental  stimuli,  and  even  initiate  service 
calls  or  repair  themselves.  He  challenged  workshop  participants  to  aspire  to  set¬ 
ting  a  roadmap  for  the  achievement  of  facilities  of  such  sophistication  while  be¬ 
ing  practical  and  affordable. 

The  presentation  sessions  were  initiated  by  Bill  East,  who  gave  the  keynote  pres¬ 
entation  and  explained  the  goals  of  the  workshop.  His  introduction  was  followed 
by  a  three-speaker  session  on  Current  Practice. 

Dean  McCauley,  General  Services  Administration  (GSA),  spoke  on  the  nature  of 
the  GSA  real  estate  mission,  its  current  practices.  Mr.  McCauley  explained  how 
GSA  views  issues  related  to  property  management  and  how  those  relate  to  the 
goals  of  the  FAN  workshop. 

Bill  Dunn,  Naval  Facilities  Engineering  Command  (NAVFAC),  provided  the 
background  on  the  Operations  and  Maintenance  Support  Information  (OMSI) 
Program  and  the  original  motivation  for  the  project.  Referring  to  a  publication  of 
the  National  Research  Council  entitled  Stewardship  of  Facilities,  he  pointed  out 
that  O&M  constitutes  60  -  85%  of  the  total  life-cycle  ownership  cost  of  facilities. 
OMSI  has  been  an  ongoing  program  that  originally  started  with  the  goal  of  bet¬ 
ter  organization  of  paper  information.  Recently  OMSI  has  been  converted  to  an 
Extensible  Markup  Language  (XML)  standard  and  was  offered  to  the  Interna¬ 
tional  Alliance  for  Interoperability  (IAI),  which  incorporated  OMSI  elements  into 
the  International  Foundation  Classes  (IFC)  models  (see  www.iai-international.org). 

Dr.  Tad  Britt  of  CERL  and  Thomas  Lilly  of  Coonewah  Consulting  concluded  the 
Current  Practice  session  with  a  presentation  on  a  relatively  low-cost,  ruggedized 
handheld  computer  equipment  and  database  package  designed  for  the  conven¬ 
ient  recording  of  observations  (i.e.,  data,  including  digital  photographs)  for  base¬ 
line  cultural  resources  inventory  surveys.  The  system,  which  automatically  logs 
the  location  of  the  observation,  is  a  real-time,  wireless-capable,  integrated  cli¬ 
ent/server  computer  application  that  has  obvious  potential  for  O&M  applica¬ 
tions. 

The  next  session,  Data  Collection  and  Integration,  began  with  Dr.  Liang  Liu, 
University  of  Illinois  at  Urbana- Champaign,  with  a  presentation  on  data  collec¬ 
tion  in  construction  to  serve  the  needs  of  O&M  activities.  Dr.  Liu  noted  gaps  in 
facility  life-cycle  information  and  identified  construction  as  the  weakest  link  in 
the  information  stream.  He  stated  that  ubiquitous  computing  technologies  hold 
ample  promise  while  recognizing  challenges  posed  by  worker  resistance  to  tech¬ 
nology  change.  Dr.  Liu  reviewed  his  work  in  the  area  of  wearable  and  wireless 
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computing  and  provided  some  updates  on  the  latest  available  technology,  and  he 
offered  insights  into  the  value  of  centralized,  web-based  data  storage. 

Dr.  Burcu  Akinci,  Carnegie  Mellon  University,  is  with  her  colleagues  and  stu¬ 
dents  engaged  in  research  into  several  relevant  areas.  Dr.  Akinci  gave  an  over¬ 
view  of  their  work  on  sensor  systems  (including  laser  scanning,  embedded  sen¬ 
sors,  etc)  and  standard  project  models  to  capture  project  histories,  the  use  of  Ra¬ 
dio  Frequency  Identification  (RFID)  chips  for  storing  building  component  histo¬ 
ries,  and  testing  the  capabilities  of  the  IFC  model  to  store  data  required  for 
building  commissioning. 

Dr.  Ed  Jaselskis,  Iowa  State  University,  presented  the  results  if  his  research, 
including  several  case  studies,  into  the  usefulness  of  RFID  technology  to  enhance 
construction  operations  from  a  life-cycle  perspective. 

Alan  Lytle,  National  Institute  of  Science  and  Technology  (NIST),  Construction 
Metrology  and  Automation  Group,  provided  an  overview  of  NIST’s  construction 
integration  and  automation  technology  research.  Mr.  Lytle  talked  about  position 
tracking  using  ad  hoc  wireless  and  laser  measurement  technology,  and  he  pro¬ 
vided  insight  into  ongoing  experience  at  NIST  with  its  automated  steel  construc¬ 
tion  test  bed  and  ad-hoc  wireless  localization. 

In  the  final  technical  presentation,  Dr.  Francois  Grobler,  ERDC-CERL,  provided 
an  overview  of  the  IAI’s  IFCs,  an  open  international  standard  for  modeling  facil¬ 
ity  life-cycle  information  and  IFC-based  Building  Information  Models  (BIMs). 
Dr.  Grobler  discussed  the  status  of  IFC  object  model  servers  for  serving  as  a  life- 
cycle  repository  of  relevant,  shared  facility  information.  He  also  reported  on  the 
Simple  Access  to  Building  Life-cycle  Exchange  (SABLE)  project,  which  is  work¬ 
ing  to  develop  open  standards  for  industrial-strength  distributed  web-based  ob¬ 
ject  servers. 


The  workshop  concluded  with  two  discussion  sessions. 
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3  Workshop  Papers  and  Presentations 

Keynote  Presentation 

Facility  Area  Networks  —  Workshop  Purpose 
Bill  East,  ERDC-CERL 

Presentation  1 :  Facility  Area  Networks  —  Workshop  Purpose  (East). 


cfom  project 


facility  area  networks 


workshop  purpose 


26-  February  2004 
Champaign,  IL 


•  •  t 


problem 


consolidated  facility  object  model 

o  life-cycle  facility  information  model 
o  web-service  confederation(s) 
o  demonstration  of  potential 

o  proof-of-concept  demonstration  in  Q&M  arena 


2 


m  • 


hypothesis 


o  maintenance  tasks  have  high  proportion 
"information  seeking"  and  "data  reporting" 
operations 

o  non-work  time  decreases  "wrench-time’1  and 
decreases  work  quality 


o  providing  reliable,  real-time  access  to  as- built 
facility  information,  repair  histories,  schematics, 
and  repair  manuals  will  decrease  "data  seeking" 
operations. 

o  providing  robust  wireless  networks  will  eliminate 
duplicative  "data  reporting"  operations. 

o  having  "right-data'1  at  "right-time”  will  improve 
quality  of  work  accomplished. 
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East  presentation  concluded 


approach 


approach 


Facility  Area  Networks,  or  FANs,  bring  together 
the  power  of  distributed  data  services  and 
context-aware  computing  devices  to 
dramatically  decrease  the  cost  and  improve  the 
quality  of  facility  operations. 


o  web  service  federations 
o  ubiquitous  wireless  networks 
o  appropriate  device  forms 
o  position  locating  technology 
o  contextual  information  retrieval 


& 


results  expected 


17-S9P-04 


indirect  result... 


direct  results... 


o  decrease  in  cost 

right  work  done  first  time  by  right  person 

reduce  return  time  for  parts/tools 

reduce  time  to  document  work  orders  in  field 

o  qua  lity  stan  da  rd  iz  ati  on 

manufacturers  inslruclions  available 
operators  shared  besl-praciice  available 
access  to  remote  experts  available 
Installation  specific  best-practices 


measurable  results... 


o  reduce  inventory  control  cost 

operators  produce  real-lime  inventory 
walk-through/drive-by  inventory 
locate  moved  equipment  withoul  hunting 


o  decrease  oSm  cost 

increase  in  “wrench-time"  per  day 
decrease  in  late  work  order  reporting 
decrease  in  return  repair  visits 
decrease  travel  cost,  doubte-up  on  jobs/site 

o  reduce  inventory  cost 

decrease  cost  of  finding  lost/moved  items 
reduction  in  cost  of  record  keeping 
improved  quality  of  inventory  data 
small  tool  tracking 
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technology  gaps 


objective  of  workshop 


o  advanced  computer  representations  of  as-built 
facility  data/knowledge 
o  context-sensitive,  user-aware,  intelligent 
i  nformati  on  retrieval/col  la  bo  ration/a  rch  ivin  g 
o  infrastructure  for  secure  transmission  over 
distributed  computing  networks 
o  pervasive  networks  of  automated  and  semi- 
automated  agents 
o  location-aware  user  interfaces 
o  accessing  existing  facility  data 
o  defining  standards 


o  identify  technology  gaps 

o  calibrate  fan  against  industry/research  efforts 

o  identify  existing  o&m  information  infrastructure 
needs 
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Current  Practice 

Facility  Operations  and  Maintenance  Management  Issues  at  GSA 

Dean  McCauley,  General  Services  Administration 

(Mr.  McCauley  did  not  present  a  paper,  but  a  short  summary  of  his  re¬ 
marks  is  offered.  —  B.  East,  proceedings  editor) 

Mr.  McCauley  explained  that  the  General  Services  Administration  (GSA)  is  one 
of  the  world’s  largest  building  and  facility  owners  and  is  increasingly  challenged 
to  act  like  a  commercial  real  estate  company  in  responding  to  market  pressures 
and  “keeping  their  tenant  happy.”  He  stated  that  approximately  66%  of  property 
management  and  ownership  budget  is  devoted  to  operations  and  maintenance 
(O&M),  and  that  during  the  life  time  a  building  the  building  services  systems  are 
typically  replaced  2-3  times.  This  realization  have  prompted  GSA  to  strive  for 
an  approach  to  design  better  in  terms  of  the  life-cycle  demands  of  building  sys¬ 
tems,  and  take  better  care  of  the  transfer  of  information  from  the  design  and 
contracting  phases  to  ownership  and  O&M. 

He  welcomed  this  opportunity  to  collaborate  on  FAN  and  considered  such  col¬ 
laboration  very  timely  from  the  GSA  perspective  because  they  have  a  new  initia¬ 
tive  to  adopt  a  nation-wide  maintenance  management  system  (MMS)  in  the 
GSA.  Some  of  the  drivers  of  this  initiative  are  ownership  of  information,  better 
asset  tracking,  part  usage,  warrantee  tracking  and  more  efficient  work  process¬ 
ing.  Those  issues  coincide  with  the  goals  of  the  FAN  workshop  and  GSA  is  inter¬ 
ested  to  learn  how  the  new  technologies  can  support  their  goals. 
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Operation  and  Maintenance  Support  Information  (OMSI) 


Bill  Dunn,  Naval  Facilities  Engineering  Command  (NAVFAC) 


Presentation  2:  Operation  and  Maintenance  Support  Information  (OMSI)  (Dunn). 


Operation  &  Maintenance  Support 
Information  (OMSI) 


FAN  Workshop 
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Dunn  presentation  continued 


What  is  OMSI? 
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Dunn  presentation  continued 


OMSl  Costs 
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Dunn  presentation  concluded 
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Seeing  the  Big  Picture:  An  Application  of  Hand-Held  Technologies  in 
Managing  Environmental  Data 

Tad  Britt,  ERDC-CERL 


Seeing  the  Big  Picture: 

An  Application  of  Hand-held  Technologies 
in  Managing  Environmental  Data 


Tad  Britt,  RPA 

Senior  Research  Archeologist 

Land  and  Heritage  Conservation  Branch 

E  RDC-CE  RL-CN-C 

Jolt  ii.l.ltiittVierde.usace.iirm^.  mil 


Thomas  G,  Lilly,  Jr.,  RPA 
Principal  Investigator 
Cooncwah  Consulting,  Inc, 
coon  e  w  ah@  i  am .  it.  com 


ABSTRACT 

The  Automated  Resource  Management  System  (ARMS™)  automates  collection,  synchronization, 
analysis,  reporting,  and  archiving  of  georeferenced  data  in  a  variety  of  applications  not  attainable 
conventionally  ARMS™  technology  enables  an  innovative  life -cycle  management  process  that 
significantly  improves  data  collection,  reliability,  and  integration  capabilities  as  well  as  facilitates 
stewardship,  compliance,  and  sustainability  requirements  It  provides  an  innovative,  cost-effective 
and  time-efficient,  programmatic  approach  to  understanding  and  solving  environmental 
management  issues.  Applications  may  include:  environmental  safety,  security,,  military, 
educational,  emergency  management,  land  use,  lish  and  wildlife  management,  construction  and 
maintenance  of  highways  and  waterways,  minings  exploration,  manufacturing,,  recreational 
management,  urban  restoration,  and  cultural  resource  management. 

At  first  glance  the  inclusion  of  an  environmental  paper  in  these  proceedings  may  seem  out  of  place. 
However,  if  you  look  at  the  big  picture,  the  fundamental  issue  is  the  same — life-cycle  resource 
management.  Whether  you  are  dealing  with  the  built  environment  and  infrastructure,  or  the  natural 
environment  and  cultural  landscape,  the  initial  basic  concerns  are  the  same — knowing  the  physical 
location  of  each  resource,  as  well  as  its  geospatial  relationship  to  others  on  the  landscape/facility.  Once 
this  baseline  order  is  established,  then  the  problem  solving  and  management  issues  can  then  be  addressed. 
Life -cycle  management  requires  planning,  data  collection,  and  analysis  in  order  to  anticipate,  identify, 
and  solve  problems.  The  objective  is  to  develop  an  intuitive,  business  management  practice,  integrating 
logic-based  technologies  that  will  provide  the  decisionmaker  the  pertinent  information  to  improve 
efficacy.  Given  that,  a  programmatic  management  model,  that  identifies  the  problems  and  ranks  their 
priority  and  tracks  their  resolution,  can  then  be  implemented  for  the  duration  of  the  project/facility,  in  a 
proactive,  efficient  process. 

This  paper  demonstrates  a  life-cycle  approach  to  automating  and  improving  cultural  resource 
management.  The  ideas  and  practices  presented  here  can  be  used  as  a  model  to  develop  similar 
approaches  to  improve  other  environmental  programs,  and  conceptually,  to  facility  management  and  other 
arenas. 

DoD  installations  and  Federal  land-holding  Agencies  are  tasked  with  complying  with  a  variety  of 
environmental  legislations  (e.g.,  NEPA,  NHPA,  ESA,  CWA,  etc.).  These  laws  are  designed  to  inventory, 
manage,  and  conserve  natural  and  cultural  resources.  Environmental  sustainability  and  land-use 
requirements  at  installations  are  often  difficult  to  achieve  due  to  competing  needs  and  restrictions. 
Complex  integrated  programs  are  essential  to  meet  these  mission  objectives.  Central  to  this  issue  is  the 
need  for  accurate  and  consistent  data.  Current  methods  and  techniques  used  to  collect  data  are  labor 
intensive,  time  consuming  and  costly.  Given  the  common,  less-than-ideal  field  circumstances,  important 
information  can  be  missed  or  recorded  improperly.  Factors  such  as  the  competence  of  the  technician, 
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inconsistent  data  collection  practices  between  contractors,  and  the  redundancy  and  errors  associated  with 
manual  recordation/transcription  techniques,  all  affect  the  quality  and  reliability  of  the  data. 

While  existing  commercial  off-the-shelf  tools  are  available  for  natural  and  cultural  resources  data 
collection  needs,  they  are  typically  single,  stand-alone  technologies  that  have  limited  functionality  and 
integration  capabilities.  With  increased  emphasis  to  implement  and  maintain  sustainable  environmental 
practices,  innovative  technologies  and  applications  must  be  developed  to  meet  mission  requirements.  The 
solution  is  a  new  specialized  technology  that  addresses  environmental  issues  programmatically — an 
Automated  Resource  Management  System  (ARMS™). 

ARMS™  is  an  innovative  management  process  that  can  be  used  to  study  and  resolve  a  wide  variety  of 
environmental  issues.  It  consists  of  integrated  digital  technologies  and  specialized  software  applications 
that  will  significantly  improve  the  methods  used  to  collect,  store,  and  analyze  environmental  data 
throughout  the  life-cycle  process. 

ARMS™  can  be  used  for  all  types  of  routine  and  complex,  natural  and  cultural  resources  investigations 
(e.g.,  inventory,  evaluation,  mitigation),  including  development,  sustainability,  and  rehabilitation  efforts. 
It  can  serve  as  a  powerful  decision-making  tool  to  facilitate  both  short-  and  long-term  management 
requirements  (e.g.,  monitoring/change  detection  of  historic  properties,  invasive  species  encroachment, 
etc.).  And,  it  inherently  has  the  ability  to  track  and  measure  field  data  collection  practices,  which  can 
then  be  analyzed  to  implement  methodological  improvements. 

The  basic  components  of  ARMS™  are: 

o  An  in-field  application  consisting  of: 

o  Two  or  more  small,  ruggedized,  sun-shielded,  portable  computers  as  the 
field  units  for  manually  recording  and  integrating  data  from  instruments 
and  other  sources  (e.g.,  specialized  data  entry  forms,  aerial  photography, 
digital  map  coverages) 

o  A  robust  tablet  PC  to  consolidate  data  from  two  or  more  field  units  and 
to  run  other  applications. 

o  High-resolution,  digital  instruments  (i.e.,  camera,  global  positioning  system, 
compass,  clock,  and  bar  code  labeler)  to  collect  data, 
o  The  ability  to  collect,  store,  and  synthesize  different  types  of  data  to  a  common  shared 
database : 

o  Geographical  Information  System  (GIS)  data  (compliant  with  FGDC  and 
SDSFIE  standards) 

o  Global  Positioning  System  (GPS)  data 
o  Manually  entered  data 

o  Other  associated  media  (e.g.,  video  and  audio), 
o  Data  fusion  software  to  interface  and  synchronize  existing  hardware  functions 
and  software  applications. 

o  Wired,  infrared  and/or  digital  wireless  communications  devices  that  will: 

o  Transmit  and  store  data  for  remote  uploading  and  downloading  from  the 
field  units  to  the  office  unit 
o  Print  bar  coded  labels  to  track  field  specimens 
o  Additional  peripherals  may  include:  laser  range  finder,  audio  and  video 
capabilities,  inclinometer,  altimeter,  thermometer,  barometer,  geophysical 
instruments,  etc. 
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Illustrations  depicting  the  business  processes,  hardware  configuration,  and  costs  as  well  as 
portability  of  the  ARMS™  in  a  field  setting  are  included  in  Figures  1-3. 

Embedded  in  the  system  is  a  fully  functional  GIS.  The  benefit  of  having  geospatially  referenced  attribute 
data  is  that  it  expedites  the  resolution  of  critical  environmental  management  issues.  For  critical  land-use 
decisions,  real-time  wireless  transmission  of  data  and  images  are  available — enabling  the  ARMS™  to 
serve  as  a  virtual-desktop  in  the  field. 

The  ARMS™  components  are  ergonomically  designed  for  ease  of  setup  and  use.  The  flexibility  of  the 
system  is  that  it  allows  the  user  to  select  and  pre-load  software  applications  and  configure  hardware 
tailored  for  the  specific  type  and  level  of  investigation  (e.g.,  wetlands  delineation,  cultural  resources 
inventory,  habitat  assessment).  Project  data  and  GIS  coverages  can  also  be  pre-loaded  prior  to  fieldwork 
(e.g.,  survey  transects  and  sample  plot  coordinates).  This  will  ensure  accuracy  and  efficiency  and  cut 
down  on  unanticipated  delays.  The  handheld  PCs  contain  interactive  electronic  databases  that  can  either 
be  populated  automatically,  via  integrated  elements  and/or  from  hardware  attached  to  expansion  ports. 
All  databases  are  relational  and  denormalized. 

For  each  specific  environmental  application  the  ARMS™  program  contains  a  series  of  digital  forms  that 
are  organized  in  a  logical,  progressive  manner.  The  application  guides  the  user  through  the  various 
required  or  recommended  steps,  or  displays  alternative  choices  for  the  user.  Menus  consist  of  a  series  of 
drop-down  lists  with  options  and/or  radio  buttons.  For  each  program,  links  are  provided  for  off-line 
access  to  pre-loaded,  digital  reference  guides  to  aid  the  user  while  in  the  field  (e.g.,  soil  descriptions, 
artifact  typologies,  plant  references,  architectural  elements,  etc.).  Each  form  is  versatile  and  can  be 
customized  for  unique  situations.  Included  on  every  form  is  a  space  to  manually  enter  data  for 
circumstances  not  anticipated.  To  ensure  accuracy  and  efficiency,  each  form  must  be  filled  out 
completely  before  the  program  advances  to  the  next  form. 

A  key  feature  of  this  field  unit  is  a  single  pushbutton  that  activates  a  number  of  automated  and  time- 
saving  measurements  at  once — a  “snapshot”  with  a  time  stamp  that  is  simultaneously  applied  to  the  entire 
data  set.  The  operator  aims  the  unit  at  the  target  and  presses  the  record  button,  which  captures  a  digital 
image,  obtains  GPS  positioning,  azimuth,  elevation,  and  other  metric  attributes,  and  then  stores  the  data  in 
a  database  with  a  time  stamp  and  unique  I.D.  attached.  Because  the  data  is  collected  digitally  it  allows  for 
immediate  verification  of  the  quality  and  usefulness  of  the  data.  Finally,  the  collected  data  (i.e.,  forms, 
GPS,  GIS  shape  files,  video  and  audio  images)  are  downloaded  from  the  field  unit  to  the  tablet  PC.  This 
is  done  in  a  one -step  process  using  either  an  infrared,  wired,  or  radio  frequency  connection,  or  a  serial  or 
USB  connection,  between  the  field  units  and  the  tablet  PC.  This  in-field  computer,  which  has  more 
powerful  software  tools,  is  then  used  for  additional  processing  and  analysis.  An  efficient  feature  of 
ARMS™  is  an  automated,  pre-programmed  function  on  the  tablet  PC  that  is  structured  to  query  the 
database  in  order  to  generate  customized  reports  at  the  end  of  the  project  (e.g.,  archeological  site  forms, 
plant  and/or  animal  inventories,  etc.),  thereby  reducing  transcription  redundancy. 

All  field  specimens  (e.g.,  artifacts,  soils,  minerals,  plants,  etc.)  are  collected,  bagged,  and  affixed  with  a 
unique  bar  code  label  in  the  field.  The  labels  are  printed  to  include  text  descriptions  (e.g.,  project  I.D.  and 
provenience  data).  The  benefit  of  bar  coding  is  that  it  facilitates  automated  inventory,  tracking,  and 
retrieval  of  the  specimen  throughout  the  life  cycle  of  the  project,  and  to  improve  curation  and  future 
research  requirements. 

ARMS™  technology  significantly  improves  data  collection,  reliability,  and  integration.  ARMS™ 
technology,  coupled  with  an  enterprise  level,  SDSFIE  compliant  data  structure  such  as  a  relational 
database  (i.e.,  Oracle  or  SQL  server),  and/or  a  GIS  database  (i.e.,  Arc  GIS,  MapObjects)  is  flexible  and 


3 


ERDC/CERL  SR-04-33 


19 


can  be  used  for  a  variety  of  different  environmental  studies.  These  other  fields  may  include,  but  certainly 
are  not  limited  to:  safety,  security,  military,  educational,  emergency  management,  land  use,  fish  and 
wildlife  management,  construction  and  maintenance  of  highways  and  waterways,  mining,  exploration, 
manufacturing,  recreational  management,  and  urban  restoration. 

Finally,  the  ability  to  share  accurate,  georeferenced  data  across  multiple  platforms  while  addressing 
different  environmental  and  management  requirements  will  significantly  improve  real-time  decision¬ 
making  capabilities.  The  ARMS™  technology  demonstrates  an  innovative,  programmatic  approach  to 
understanding,  anticipating,  and  solving  environmental  management  and  sustainability  issues  throughout 
the  life -cycle  of  the  project. 

ARMS™  was  conceived  and  developed  by  the  U.  S.  Army  Corps  of  Engineers,  Engineer 
Research  Development  Center,  Construction  Engineering  Research  Laboratory,  Champaign,  IL. 

The  prototype  and  computer  code  were  produced  by  Coonewah  Consulting,  Inc.,  Jackson,  MS, 
under  contract  to  Geo-Marine  Inc.,  Plano  TX  (DACA42-02-D-00 12-0001).  The  total  cost  for 
development  was  $93,103.00.  Of  that  figure,  $13,228.04  was  used  to  purchase  the  hardware 
($5,084.02  x  2)  and  software  ($3,060).  The  ARMS™  patent  application  was  filed  with  the  US 
Patent  Office  on  8  December  2003  (COE-564,  serial  number  10/729,2 69). 

For  additional  information,  please  contact: 

Mr.  Tad  Britt,  RPA 

Senior  Research  Archeologist 

Land  and  Heritage  Conservation  Branch 

ERDC-CERL 

P.O.  Box  9005 

Champaign,  IL  61826-9005 

Voice  (800)  872-2375 

FAX  (217)  373-7266 

J  ohn .  T .  B  r  i  ttf  ft)erdc .  usac  e .  a  r  my .  m  i  ] 
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Figure  1.  ARMS™  Business  Management  Process  Overview 


The  diagram  below  proposes  dataflow  with  the  hardware  and  software  recommended. 


1. 


upload  preliminary  project  data,  maps,  aerials 


5.  artifacts  recovered  &  bagged 


■  Step  1:  Maps,  aerial  photographs,  and  other  geo-referenced  data  are  uploaded  into  anew  project  using 
SoloOffice. 


■  Step  2:  Base  maps  and  project  information  is  compiled  and  copied  over  as  a  whole  to  the  field  devices 
running  SoloField. 

■  Steps  3-5:  Field  devices  log  GPS  coordinates,  elevation,  and  prompt  the  field  user  to  enter  data  regarding 
the  field  survey  that  is  being  conducted  at  that  station.  This  includes  recordation  of  form  data  as  well  as 
any  notations,  photographs,  video,  or  dictation  that  needs  to  be  recorded.  If  material  is  recovered,  a  bag 
number  with  relevant  station  data  is  generated  and  transmitted  to  print  a  label  for  the  collection  bag. 

■  Step  6:  Data  are  uploaded  to  the  tablet  PC  where  they  are  consolidated  and  check  lists  are  generated. 

■  Step  7:  After  data  from  multiple  field  units  have  been  consolidated,  a  series  of  checks  ensure  that  all 
bags/specimens  recorded  have  been  collected.  In  addition,  the  consolidated  GIS  data  facilitates  in-field 
spot-checking  for  anomalies  prior  to  leaving  the  field. 

■  Step  8:  The  in-field  tablet  PC  is  not  the  final  resting  place  for  these  data,  so  the  consolidated  files  may 
either  be  uploaded  to  a  centralized  server  or  backed  up  on  tape  or  CD. 
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Figure  2.  ARMS™  Prototype  Hardware  Specifications: 

The  recommended  equipment  to  be  employed  for  one  Held  unit  includes: 


1)  TDS  Recon  Handheld  PC 

Rjuggedized: 

Processor: 

Memory: 

Battery  Life: 
Dimensions: 
Weight: 

IP  Rating: 

Price: 

2)  GaniiinNl7  GPS  Receiver 

Rjuggedized: 

C  Communication: 

Accuracy: 

Battery: 

Weight: 

Price: 


Yes 

400  MHz  Intel  Xscale 

64  SDR. AM  12S  MB  Flash  Storage 

15  hours 

0.?  x  3. If  \  1 .8  inches 
490  grams 
6. 7 

S3  r  100 .00 


Yes 

Serial  cable 
3  meter 

12v  NiMH,  8  hours 
373  grams 
S900.00 


3)  FlyCAM  1.3  Megapixel  CompactFlash  Camera 

Rjuggedized:  No 

Clomimin  kalian:  CF  Type  II 

Resolution :  stilll  2S0  x  1 024,  vi  deu  240  x  33  20  @3  0  fps 

Price:  $104.53 

4)  SimpleT ech  1  Gig  CompactFlash  Card 

Rjuggedized:  No 

Communication  CF  Type  1 f 

Price:  $288.49 


5)  Cognitive  Code  Ranger  RD23  Direct  Thermal  Portable  Printer 
Ruggedized:  Yes 

Communication:  RJ45  Serial,  Bluetooth /WiFi  optional 


Resolution: 
Battery  Life: 
Weight: 
Price: 


203  dots  per  inch 
8  hours 
680  grams 
$691.00 


Software  Recommended 

Solo  Office  $1,000.00 

Solo  Field  (licensed  per  field  unit)  $1,000.00 

$30.00 
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WinCESoftCF  Camera  Driver 
(per  field  unit) 
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Presentation  3:  Seeing  the  Big  Picture  (Britt). 
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U-H  Inny-Cn 
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Proposed  Activities 


Automated  Resource  Management 
System  (ARMS'") 

OBJECTIVE:  7&  iLiiLHruh,  design,  develop,  a  id  Hlld.'Ji  a  IU|  | 
Ini-: crated  nllcrUstr^cr dala  □□(  cetlori  and  analysis  appllaallcn 
to  rrhunce  environ  urnki  eomplljnrr  and  ^te^ardvh  p  prosjramv 

ARMS’  mavb-  usee  Inr  all  types  r  routine  and  dd'iipIck 
nat.ir-jl  and  sulturei  revourert  Invrvtlflallona  y.v  vurll  wf 
dnvnl^-amnrH.  vub-luin-^ilHy.  ?nd  rphabilHaJtran  -sffrprt^ 

ARM^  Iv  a  rfr-^dlne-lMl,  Kicll  lallra  bolh  vhot-  and  Iw uj- 
Inrm  manaanr»nt  raquirnmnrlv 
(e.^.  monhor  n^fchnngc  deleetton.  I  iiM&lrc  '-.peeler-, 
c-naraanh  merit  i1n.;< 

ARM:?-1  Yf  1 1acllltat±  datoeallesllon  ehot-s-  smosI aled  with 
1I-*  tlHynd  LV^  prea-ra*  n  a. m.inh  -narGtmp-tfttiGinnt  and 


US  hiiiiy  Lir|+: 


WHY? 

ARMS'1  inleg  rotes  diverse  and  complex 
geospatial  and  atlribule data  in  a 
titer  fri end ly  environment 
Virtual  desktop  in  the  field  for  decision  making 
Cost  errectivy 
Time  ertiniftrl 

Planning  tool  for  future  Etudies 

Captures  and  analyzes  metrics  for 
methodological  impmvftmftnra 


US  Amry  Lir|+: 


NTC  Land  Expansion  | 


Goal :  T o  dem  orstrate  a  n  integrated 
approach  to  u ride r&landing,  anticipating, 
and  solving  cultural  resource  management 
issues  programmatically 

Approach: 


1|  A  j  \im-. ktdHHilM  ■'twmwir  for  *£iftR-lfeU  wtti 

HjgMoB&lutiwi  imtauiniirthtian 


” 


A  no  rural  I  zed  retettomal  data  base- tor  storing  and  thaMna 

Ihci  djta.  and 

A  019  bated  anclwologlcal  predictive  nwdel  aitd 
managEzriDvit  fAPMMT]  tod  for  .ana  h.'iing  and  infrarp  rating 

(he- data 


WHY? 


Environmental  management  and  land  use 
practices  are  often  compel  ing  for  I  he  same 
ip&uuihh 

rifted  Inr  g^onstersnefid  data  m  reconcile  msues 
Convenlionsl  methcdE  s  re  cosily  snd  inefficient 
Reliance  on  manual  recordation 
Training  and  experience  of  the  technicians 
Inuunsis-lym data cullycliun  f>i  actives 
TranscnpTion  errors 


WHERE 

EiiviiuunKiibil 

Fish  uuid  Wildlife 

Sarely 

F*r*5lty 

SecLMity 

Conxtructicn 

MllltftP/ 

H  railways 

ExfcjcationJ 

Waterways 

Emarg^nrcy  ManagBrmnt 

rnmira 

Lund  Uit 

ExpJcotiuii 

Urban  Restoration 

maiHiiteturiiie 

Cultural  Resource 
manao&nwirt 

Rccrrafional  Marugonent 
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Britt  presentation  continued 


TH e  basic  components  or  the  arms-  unit: 

A  portable  tablet  oumpuler  as  Hie  Serve  i  and  at 
l«ast  Lwu  lUMM^di^Hd  handtield  PCs  as  Ilia 
Client* 

High-reaoluliftn,  digital  instruments  fi.e., 
oaniuiy..  ulubal  pueitiuriinu  system, 
compasa.  clock, and  bar  code  labeler]  to 
collect  data 


ARMS  “  has  die  ability  to  collect,  store,  and 
synthesize  different  types  of  data  to  a  relational 
database: 

GIS  data 
GP5  data 
Spreadsheet  data 
Form -entered  user  data 
Other  associated  media  (video  and  audio) 

US  HIIIIY  Lir|+: 


ARMS'"  Data  Processing  Steps 


M  I 

U  B  limy  Cap* 


3.  m^arin 

□  ! 

—| ,  e 

— 

|,  *V 

u 

-  hT’:B 

1  *■ 

7m  W'MHaiHa  *u 

1*  ah 

!•" 

l.c. 

Hi 

ARMS "  Continued: 

Data  fusion  &ctti7Hn  to  interface  a  rid  synchronize  Misting 

software  applications 

CAIcd.  infrared,  andfardigibl  wireless  cnmnmmicaiiiDris 

d  evicts,  mat  shall: 

Print har  rnrlpd  labels,  far rjrthv.ir.ltepfln.irmn  h*gs 

Transmit  and  store  dab  tor  remote  uploading  arid 
dwnloHdlng  Trom  the  client  tettie  server 

CspsbllKy  to  Interface  v>Hh  other  nwrfulea 

i&.rj.,  vnrinu*;  nptnnrtip  m  rising  platform*;,  p h ntog ran nn Ptry , 
soil  texting  inslmmenls,  etc. 

M| 

US  hiiiiy  Lir|+: 


User  Flexibility 

The  flexibility  of  the  ARMS"' 
hardwareisoftware  oonflgu  ration  is  that  it 
allows  the  user  to  select  the  appropriate 
tool,  or  suite  of  tools,  commensurate  with 
the  level  of  investigation  ji.e.,  inventory, 
evaluation,  mitigation)  and  suitable  for 
the  environmental  conditions 


US  HIIIIY  Cir|-K 


Field  Data  Collection 


w 

US  Jtl  TT|I 


Features 


A  hey  u\  this  held  uni l.  it  e  single 

pushbutton  that  activates  a  number  of 
automated  and  time-saving  measurements.  al 
once  a  "snaps  hot'1  with  a  lime  scamp  that  l  & 
simultaneously  applied  to  the  entire  data  set 

I  Field  observalions  and  oilier  types  cf  data  oar 
be  manually  entered  onto  project  specific, 
customized  forma,  which  are  pre-loaded  on 
ARMS”.  A*  required 
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Britt  presentation  concluded 


Specific  Benefits  of  ARMS"  as  a 
Business  Management  Process 

TathriiMl  merit;  a  "Ibj  I  sato"  approach 
L  by  waging  aHI  rty  vnol  builds  -«i  protons  CEMUUIUC 

effort: 


latlirtotoQy  transfer  to  address  avartotyol  land  use  mid 
environmental  management  Issues 

Cost  effectiveness  as  dememstmted  in  its  utility  Id  tuck. 

monitor,  and  nwasure  field  data  rcHierdoti  practices  to 

inc  rgasa  fifficiDracy 

_  Improved  Pue*ie&s  pnow&s  to  support  Installation  and 

gjjjgl  DdDmetls 

US  hiiiiy  Lir|+: 


Reliability 

Task  clKckllst  end  a  scries  of  menus,  are  aenerated  by  the 
software,  which  are  displayed  on  like  niuaedted  t*eld  unit 

tc  ensure  completeness,  ^curacy,  ana  efficiency  ef  the 
ikUiuey 

ARMS-"  field  unit  has  a  1Gb  Flashdrivc  far  oarislanl  data 
h*cuiiLy 

Customized  digital  data  t-anre  ac  provided  from  the 

ii-peniis  to  elov.1  the  operator  to  easily  enter  standard  data 
sets  in  a  toff  cal.  systematic-  manner 


Ftoally,  the  raw  data,  reitorts,  and  photos  are  downloaded 
(in  a  one-stop  process  using  a  uire  or  radio  frequency 
cuiiiKLtiun}  to  Llie  Seivei  hji  repoiUi^j  and  fui  Jiei  unalyEi^ 
usliy  more  powerful  sot tware  tools 

M| 
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■  Conclusion 

ARMS1"  totlinutouy  a.s  a  kmtiiiesE  pr is 
Peter!  Pending  —  COE  5£4 

Will  be  demanatrated  in  March  2004 
at  Fort  Irwin,  PTTC. 

Development  cast  $93  K 

ARMS1"  prototype  cast  $7K 

M| 

US  Amry  Lir|+: 
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Data  Collection  and  Integration 

The  Role  of  Ubiquitous  Computing  in  Facility  Life-Cycle  Information 
Integration 

Liang  Liu,  UIUC,  Department  of  Civil  and  Environmental  Engineering 


The  Role  of  Ubiquitous  Computing  in  Facility  Life-cycle  Information  Integration 

Liang  Y.  Liu,  Associate  Professor 
Department  of  Civil  &  Environmental  Engineering 
University  of  Illinois  at  Urbana-Champaign 
205  N.  Mathews  Ave. 

Urbana,  IL  61801;  (217)333-6951;  e-mail:  LLIUl@uiuc.edu 

ABSTRACT 

Mobile  computing  devices,  wireless  communications,  and  sensors  have  enabled  a  new  era  of 
ubiquitous  computing  for  the  facility  life  cycle  of  design,  construction,  operation/maintenance, 
and  disposal/recycle.  Compared  to  other  phases,  the  operation  and  maintenance  phase  carries 
the  longest  duration  and  often  incurs  the  highest  costs.  During  this  phase,  many  design  and 
construction  problems  may  surface,  causing  operational  or  maintenance  problems.  These 
problems  can  reduce  the  quality  of  service  and  even  pose  safety  hazards  to  the  residents  of  a 
facility  or  the  general  public.  Facility  engineers  in  the  past  often  acted  passively;  many  voiced 
their  dissatisfactions  only  in  undocumented  conversations.  There  is  an  excellent  opportunity  to 
integrate  knowledge  gained  during  the  facility  operation/maintenance  phase  into  other  phases  of 
the  facility  life  cycle.  Many  sophisticated  owners  are  seeing  the  benefits  of  a  better  integration 
by  facility  engineers  actively  participating  in  design  and  construction  decisions.  This  integration 
not  only  promotes  constructability  during  the  design  phase,  but  also  facilitates  transfer  from  the 
construction  phase  to  the  operation/maintenance  phase.  During  the  operation  and  maintenance 
phase,  two  main  challenges  exist  to  all  facility  operators  today  — record  tracking  and  resource 
management.  Several  advances  in  information  technology  are  gradually  changing  the  tasks  of 
facility  operators  and  maintainers,  especially  in  mobile  computing,  wireless  communications, 
and  sensors.  This  paper  introduces  these  new  technologies  and  presents  the  lessons  learned  from 
case  studies  of  research  projects  conducted  at  the  University  of  Illinois  at  Urbana-Champaign. 

INTRODUCTION 

Facility  managers,  public  and  private,  face  the  challenges  of  managing  facilities  with  limited 
resources.  The  performance  of  these  public  and  private  facilities,  such  as  bridges,  factories, 
water  treatment  plants,  warehouses,  locks  and  dams,  barracks,  classrooms,  offices,  campuses, 
hospitals,  power  plants,  ports,  harbors,  and  leased  properties,  affects  the  safety  and  quality  of  life 
of  millions  of  people  daily.  A  common  response  from  almost  all  facility  managers  is  that  they 
are  being  asked  to  do  more  with  less  and  less  resources.  Many  facility  managers  are  using 
facility  management  software  to  track  their  inventories,  maintenance  records,  conditions,  and 
operating  costs.  Others  are  implementing  enterprise-to-field  level  information  integration  using 
various  hardware  devices  and  software,  including  the  use  of  the  Internet.  Several  technologies 
are  gradually  shaping  how  facility  managers  conduct  their  management  tasks.  These 
technological  advances  are  changing  the  tasks  of  facility  management  in  the  future,  a  move 
toward  ubiquitous  computing.  This  paper  introduces  these  promising  technological  advances 
and  presents  several  case  studies  from  field  tests  conducted  by  researchers  at  the  University  of 
Illinois  and  their  collaborators.  The  paper  is  organized  in  into  four  main  sections.  The  first 
section  reviews  the  needs  and  tasks  of  facility  operation  and  maintenance.  Next  is  a  description 
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of  existing  and  emerging  hardware  and  software,  which  may  become  indispensable  tools  for 
facility  managers.  The  third  section  describes  four  case  studies  of  technology  field  tests.  Lastly, 
lessons  learned  will  be  drawn  from  these  cases  followed  by  conclusions. 


GAPS  IN  FACILITY  LIFE  CYCLE  INFORMATION  MANAGEMENT 

All  facilities  go  through  the  life  cycle  of  design,  construction,  operation/maintenance,  and 
recycle/disposal.  During  this  life  cycle  many  individuals  and  organizations  are  involved  and 
knowledge  generated.  Unfortunately,  however,  there  exist  many  gaps  when  a  facility  goes 
through  the  life  cycle.  In  a  typical  design-bid-build  project,  contractors  will  only  see  the  design 
of  a  facility  when  it  is  completed.  This  lack  of  input  and  constructability  causes  the 
architecture/engineering/construction  industry  a  great  deal  of  cost  overruns,  schedule  delay, 
construction  claims,  and  contract  disputes.  At  the  completion  of  the  construction  phase,  many 
facility  managers  face  the  daunting  task  of  establishing  accurate  as-built  information,  because 
many  changes  usually  happen  during  the  construction  phase.  Significant  losses  of  information 
and  knowledge  occur  at  each  exchange  of  the  responsibility  between  the  four  phases  of  the 
facility  life  cycle.  These  losses  seem  to  stem  from  different  viewpoints  and  responsibilities  of 
parties  involved.  For  example,  designers  are  concerned  about  functions  and  forms,  while 
construction  managers  are  focusing  on  managing  construction  processes,  progress,  budget,  and 
safety.  Facility  managers  on  the  other  hand  concentrate  on  facility  condition,  inventory,  and 
maintainability.  Each  party  involved  needs  to  establish  its  own  information  framework  to 
conduct  their  chartered  tasks.  Many  opportunities  for  cost  saving,  constructability,  and 
maintainability  are  lost  because  of  the  lack  of  integration  of  information  and  knowledge  during 
the  various  phases  of  the  facility  life  cycle. 

PROBLEM  STATEMENT 

The  gaps  in  information  losses  during  the  facility  life  cycle  not  only  create  problems  for  facility 
operators  and  maintainers,  but  also  prevent  learning  and  improvement  in  design  and 
construction.  Can  new  technological  advances  help?  Which  are  promising  ones?  Are  there 
good  strategies  to  implement  these  new  technologies  more  cost  effectively? 

RESEARCH  APPROACH 

To  answer  the  problem  statement  outlined  previously,  researchers  at  the  University  of  Illinois, 
(1)  explored  the  tasks  and  challenges  of  facility  management  through  literature  and  from  the 
author’s  personal  research,  teaching,  and  consulting  experience,  (2)  identified  promising 
technologies  that  may  play  a  role  to  improve  the  facility  life -cycle  information  integration,  (3) 
conducted  field  tests  of  these  technological  advances,  and  (4)  summarized  lessons  learned  and 
recommendations  from  the  field  tests.  The  following  sections  describe  each  of  the  tasks. 

(1)  Review  of  Facility  Management  Tasks 

From  encounters  with  facility  managers,  researchers  often  hear  complaints  from  facility 
managers  on  a  facility.  These  complaints  in  general  can  be  traced  to  design  mistakes  or  poor 
construction  quality.  Many  facility  managers  said  they  are  stuck  and  have  to  live  with  these 
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mistakes  that  could  be  avoided.  For  example,  one  frustrated  hospital  administrator  stated  that  he 
received  approximately  3,000  sheets  of  design  (no  as-built  update)  drawings  and  one  truckload 
of  warranty  information  on  his  newly  built  hospital.  It  took  his  staff  more  than  three  months, 
plus  $85,000  of  survey  contract,  to  establish  accurate  facility  information  so  that  they  can  begin 
to  operate  effectively.  The  following  highlights  the  tasks  and  challenges  faced  by  most  facility 
operators,  owners,  and  administrators: 

•  Lack  of  accurate  as -built  information  on  drawings  and  warranty  information 

•  Difficulty  in  tracing  design  and  construction  problems 

•  Limited  record  storage  space 

•  Non-computerized  data  or  records--  no  search,  retrieve,  or  cross-reference  capabilities. 

•  Errors  and  inconsistencies  in  records  and  facility  data 

•  Tracking  of  maintenance  records  and  resources  (manpower,  equipment,  and  materials) 

•  Turn-over  of  personnel  and  loss  of  key  maintenance  knowledge 

•  Difficulty  in  prioritizing  limited  budget  for  facility  maintenance  decisions 

•  Organizational  mandates  on  enterprise  integration  and  decision  making 

•  Labor  and  resources  needed  to  conduct  condition  checking  or  inspections 

•  More  responsibilities  with  less  resources 

•  Top  management  needs  information  within  unreasonable  timeframe 

(2)  Identification  of  Promising  Technological  Advances 

Based  on  the  tasks  and  challenges  identified  earlier,  an  investigation  was  conducted  to  identify 
promising  areas  in  information  technology  that  may  improve  the  tasks  of  facility  operators  and 
maintainers.  Three  areas  were  identified  to  impact  the  future  of  facility  operation  and 
maintenance:  (1)  mobile  computing,  (2)  wireless  communications,  and  (3)  sensors.  These  three 
technologies  enable  a  ubiquitous  computing  environment,  a  facility  area  network,  which  may 
well  support  facility  management  tasks  in  the  future.  The  mobile  computing  devices  are 
becoming  cheaper  and  more  rugged  with  increasing  capabilities  and  speed.  Wireless 
communication  network  coverage  has  increased  from  buildings  to  campuses  to  townships,  cities, 
and  to  metropolitan  areas.  Sensors  are  making  building  components  “smart5  5  to  automatically 
report  problems  or  conduct  diagnostics.  The  following  sections  describe  these  three 
technological  advances. 

Mobile  Computing  Research  and  New  Advances 

Many  researchers  have  contributed  to  field  data  collection  by  developing  various  hardware  and 
software  programs.  Among  them,  Garrett  [1998]  designed  Mobile  Inspection  Assistant  (MIA),  a 
wearable  computer,  for  bridge  inspection  applications.  Liu  [1997]  developed  digital  hard-hat 
systems  for  construction  documentation  and  collaboration.  De  La  Garza  [1998]  explored 
wireless  communications  and  hand-held  devices  for  tracking  construction  schedule.  Pena-Mora 
[2001]  extended  collaboration  using  hand-held  computers.  Jaselskis  [2000]  utilized  Radio 
Frequency  Identification  (RFID)  to  track  and  collect  data  for  construction  materials.  These 
endeavors  have  led  to  new  developments  as  a  result  of  IT  advances,  especially  in  the  areas  of 
computer  hardware,  software,  and  communications.  Various  industries  are  exploring  new  use  of 
these  computing  devices.  Handheld  and  wearable  computers  are  gaining  more  popularity  in  the 
utility  and  construction  industries.  They  are  used  not  only  to  access  information  in  the  field  but 
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also  to  collect  data,  such  as  tracking  conditions  and  resources.  Many  of  these  handheld  computer 
manufacturers  offer  attachments  such  as  digital  cameras  and  digital  recording  of  sound,  making 
these  handheld  computers  useful  tools  for  collecting  multimedia  data.  There  are  three  general 
categories  of  mobile  computing  devices  available:  PDA’s,  wearable  computers,  and  PC  tablets. 
PDA’s  are  handheld  computers,  such  as  Palm  or  Pocket  PC’s,  capable  of  collecting  field  data 
into  databases.  They  are  small  and  relatively  inexpensive  at  $300-$800  range,  running  operating 
systems  such  as  PalmOS  and  PocketPC.  These  hand-held  computers  are  considered  companion 
devices  that  can  dock  and  synchronize  with  a  PC  computer  to  upload  or  download  data. 
Wearable  computers  are  customized  industrialized  PC’s  with  a  heads-up  display  which  allows 
hands-free  operations.  Some  include  voice  recognition  and  command  operations.  PC  tablets 
have  the  size  of  a  laptop  computer  with  a  touch-sensitive  screen  and  handwriting  capabilities. 
Weighted  at  2-4  lbs,  these  PC  tablets  allow  field  personnel  to  enter  data  on  electronic  forms  as  if 
they  were  writing  on  a  paper  form.  Another  emerging  and  popular  device  is  the  hybrid  PDA- 
phone,  which  combines  cellphone  and  PDA  into  one  single  device.  Figure  1  shows  some 
examples  of  these  mobile  computing  devices. 


Figure  1.  Wearable  and  Hand-held  Computers 

Wireless  Communications 

Wireless  networking  has  improved  dramatically  in  the  last  10  years.  The  performance  of  local 
wireless  networks  is  narrowing  the  gap  with  the  wired  ones.  Furthermore,  the  wide  spread  of 
cellular  phones,  PDA’s  (personal  data  assistant),  and  hand-held  computers  are  creating  the  need 
for  wide  area  wireless  networking.  The  increased  popularity  and  usage  of  wireless  data  access 
using  hand-held  devices  have  pushed  the  Internet  into  cellular  phones,  PDA’s,  and  hand-held 
PCs.  These  wireless  Internet  access  devices  are  made  possible  by  wireless  infrastructure  and 
standards  such  as  CDPD  (Cellular  Digital  Packet  Data)  in  the  U.  S,  GSM  in  Europe  and  Asia,  and 
WAP  (Wireless  Application  Protocol)  for  Web  access.  Although  the  bandwidth  is  still  limited, 
the  concept  of  anytime  anywhere  e-mail  and  Web  access  has  gained  serious  attention  from 
potential  users.  Many  facility  operators,  such  as  leasing  companies  in  the  Bay  area,  are 
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distributing  wireless  PDAs  to  their  maintenance  workers  to  record  conditions  and  to  track  costs 
of  maintenance. 

Several  wireless  communication  standards  are  available  today.  They  include  IEEE802. 11a, 
IEEE802. lib,  IEEE802. llg,  Bluetooth,  high  bandwidth  digital  cellular  network,  and  satellite 
communications.  IEEE  (Institute  of  Electrical  and  Electronics  Engineers)  members  and 
researchers  have  developed  standard  protocols  for  wireless  communication  networks,  which 
have  made  it  possible  for  computing  devices  to  communicate  with  one  another.  Many  mobile 
and  data  logging  devices  are  now  designed  to  use  these  standard  protocols  so  that  they  can 
exchange  data  easily.  IEEE 8 02. 11a  and  IEEE 802. 1  lb  are  two  of  the  most  widely  used  standards 
for  wireless  communication  networks.  Bluetooth  is  another  wireless  standard  that  uses  different 
frequencies  and  bandwidth.  Typically  used  for  short  ranges  of  10  to  100  meters,  Bluetooth  has 
the  ability  to  connect  sensor  clusters  and  interface  with  data  loggers  for  field  collection  of 
inspection  data.  The  popularity  of  cellular  phones  has  pushed  the  demand  for  high-speed  data  in 
addition  to  voice.  Many  metropolitan  areas  now  have  providers  of  wireless  Internet  access  from 
cellular  phones  and  PDAs  at  100  to  400  kbps.  This  will  be  a  technology  to  watch  because  many 
utility  companies  are  considering  developing  field  applications  using  this  infrastructure.  For 
larger  area  coverage,  satellite  communications,  such  as  Hughes  Satellite  Networks,  which  utilize 
VS  AT  low-orbit  satellites  for  telecommunications,  allow  data  to  be  transmitted  from  the  field  to 
remote  locations. 

Sensors  for  Facility  &  Infrastructure  Condition  Monitoring 

Sensor  technologies  have  dramatically  changed  the  way  we  collect  data  from  the  field.  These 
embedded  sensors  transmit  data  related  to  specific  characteristics.  Some  sensors  detect  the 
existence  of  certain  substances;  others  detect  deformations,  corrosions,  cracks,  and  loss  of  cable 
tensions.  Figure  2  shows  some  of  the  common  sensors  used  by  civil  engineers  to  monitor  the 
health  and  condition  of  a  facility.  They  include  the  accelerometers,  strain  gauges, 
tension/pressure  meters  and  tile  sensors  among  others.  Although  mostly  used  on  research 
projects  at  this  time,  these  sensors  will  eventually  become  an  integrated  part  of  the  facility  design 
to  collect  long-term  conditions  more  efficiently  and  effectively. 
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Figure  2.  Sensors  for  Infrastructure  Condition  Monitoring 


(3)  Field  Test  Case  Studies  and  Application  Examples 

Since  1992,  researchers  at  the  University  of  Illinois  have  been  exploiting  promising  technologies 
for  use  in  the  facility  life  cycle.  With  a  mixture  of  public  and  private  industry  funding,  several 
research  projects  were  conducted  to  field  test  new  information  technologies.  The  following  four 
case  studies  highlight  the  scope  and  the  lessons  learned  from  these  field  tests. 

The  Digital  Hardhat  Project  System 

The  Digital  Hard  Hat  system  field-tested  the  pen-based  computer,  multimedia  capture  and 
retrieval,  and  wireless  communications.  Various  field  tests  had  been  conducted  to  better 
understand  how  these  technologies  may  help  facility  manager  (Stumpf  1998).  The  results 
indicated  both  promises  and  limitations  of  wireless  communications  and  pen-based  mobile 
computing.  This  project  clearly  demonstrated  the  potential  of  pen- based  computing  and  wireless 
communications  for  facility  operators  and  maintainers. 
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MEDCOM  Multimedia  Facility  Repotting  System  -  MFR 
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Figure  3.  The  Digital  Hardhat  System 


The  Tunnel  Log  System 

A  second  project  used  to  field  test  mobile  computing  was  the  construction  of  a  tunnel  in  LA. 
The  researchers  utilized  hand-held  PDAs  to  document  a  subway  construction  project  near 
Hollywood  station  (Liu  2000).  Workers  in  general  were  receptive  to  the  technologies  at  the 
foreman  level;  however,  more  training  is  needed  to  bring  the  foremen  up-to-date  on  computer 
technology.  Most  foremen  seemed  to  have  techno-phobia  at  first,  but  after  tutorials  everyone 
was  able  to  use  the  mobile  device  well,  despite  the  complaints  on  small  screen  display  and 
handwriting  recognition.  In  this  field  test,  foremen  experimented  data  entry  of  daily  project 
information,  such  as  manpower  and  progress  of  tunnel  grouting. 
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Figure  BLRA  Inspection  System 


Sensors  for  Infrastructure  Monitoring 

Sensor  technologies  have  dramatically  changed  the  way  we  collect  field  data.  These 
embedded  sensors  transmit  data  related  to  specific  characteristics.  Some  sensors  detect  the 
existence  of  certain  substances;  others  detect  deformations,  corrosions,  cracks,  and  loss  of 
cable  tensions.  These  embedded  sensors  provide  data  streams  to  offsite  experts  so  that 
inspections  can  be  conducted  remotely.  Taking  advantage  of  sensor  technologies  and 
wireless  technologies,  researchers  at  the  University  of  Illinois  at  Urbana-Champaign  field 
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tested  sensors  on  a  model  bridge  to  simulate  data  communications  and  management  in  a 
sensor-rich  environment  in  the  future.  Figure  6  shows  the  model  bridge  and  data  obtained  on 
cable  strains  and  bridge  accelerations  from  an  induced  vibration.  Data  from  remote  locations 
are  transmitted  via  the  Internet,  so  that  inspectors  can  assess  the  conditions  remotely 
[Ballado,  Trupp,  and  Liu  2003]. 


L*l  i 

Figure  6.  Sensors  for  Infrastructure  Monitoring 
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LESSONS  LEARNED 

(1)  A  Vision  for  Facility  Life  Cycle  Information  Integration 

As  described  in  the  previous  sections,  the  ubiquitous  computing  environment  will  play  a  key  role 
in  facility  management  in  the  future.  Sensors,  wireless  communications,  and  mobile  computing 
will  provide  a  computing  environment  without  boundary  to  all  phases  of  facility  life  cycle.  This 
ubiquitous  environment  will  provide  better  information  integration  throughout  the  life  cycle. 
Although  there  are  more  issues  to  be  resolved,  the  technology  advances  are  well  positioned  to 
improve  how  we  manage  facilities  in  the  future.  In  addition  to  the  management  life  cycle  of 
design,  construction,  operation/maintenance,  recycle/disposal,  there  is  likely  a  life  cycle  of 
design  of  sensor  and  mobile  computing  to  facilitate  the  life  cycle  integration  of  facility 
information  and  knowledge  as  described  in  Figure  7. 
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Figure  7.  Ubiquitous  Computing  for  Facility  Life  Cycle  Information  Integration 

(2)  Practical  Strategics  for  Implementing  New  Technologies 

As  expected,  new  technologies  come  with  high  costs,  risks,  and  implementation  problems. 
Many  people  asked  why  they  are  not  seeing  a  wide  spread  applications  of  these  technologies  TT 
managers  wonder  where  the  expected  payoffs  for  the  investments  are.  Top  management 
wonders  howr  to  choose  proper  technologies.  Workers  arc  puzzled  by  new  systems  they  have  to 
gel  used  to  These  are  among  the  common  questions  people  ask  about  new  technologies.  By 
nature,  new  technologies  are  risky'.  Technologies  are  developed  based  on  certain  assumptions  of 
use  and  conditions.  Many  companies  take  either  a  positive  attitude  or  a  passive  attitude  toward 
technologies.  The  positive  ones  seek  new  and  innovative  ways  of  doing  business,  whereas  the 
passive  ones  catch  up  because  their  competitors  are  using  new  technologies.  Positive  or  passive, 
companies  or  organizations  benefit  most  by  understanding  the  technologies  and  their  work 
processes.  Most  successful  companies  using  technologies  to  their  advantages  are  those  that 
integrate  technologies  into  their  processes  or  invent  new  processes  enabled  by  new  technologies. 
It  is  critical  for  management  to  realize  that  technologies  are  tools,  and  tools  do  not  produce 
results  if  they  are  not  utilized  properly.  Many  new  technologies  do  fail,  adding  misery  to  people 
and  organizations  that  believe  in  them.  Common  reasons  for  these  failures  include  technology 
assumptions,  standards,  implementation,  and  training.  Facing  all  these  uncertainties,  facility 
operators  and  maintainers  may  consider  the  following  strategies: 

■  Form  an  IT  committee  within  the  firm  to  constantly  evaluate  new  IT  developments. 
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■  Evaluate  new  technologies  and  weigh  the  benefits/costs,  focusing  on  process  reengineering. 

■  Pilot-test  promising  technologies  on  small-scale  projects  or  divisions. 

-  Compare  competing  technologies. 

■  Invest  in,  not  only  hardware,  but  also  training. 

■  Integrate  data  into  information  and  knowledge  throughout  the  whole  life  cycle  of  a  facility. 

CONCLUSIONS 

Information  technology  tools  can  and  will  become  indispensable  tools  for  facility  operators  and 
maintainers.  These  tools,  especially  in  mobile  computing,  wireless  communications,  and 
sensors,  can  help  facility  managers  better  track  records  and  manage  resources.  These 
technological  advances  can  also  improve  the  integration  of  information/knowledge,  narrowing 
the  information  losses  and  gaps  throughout  the  facility  life  cycle.  Undeniably,  new  technologies 
come  with  uncertainties,  risks,  costs,  problems,  and  resistance.  Facility  managers  interested  in 
implementing  these  technologies  must  recognize  the  nature  of  new  technologies,  their  lifecycle, 
and  most  importantly  how  to  integrate  their  work  process  with  technologies.  Adopting 
technologies  for  technology’s  sake  often  leads  to  failures.  A  winning  strategy  for  adopting  new 
technologies  hinges  upon  a  common  vision  among  management,  users,  and  industry  standards. 
It  is  important  for  facility  managers  to  articulate  their  needs  to  the  hardware  and  software 
industry  so  that  more  products  will  be  developed  toward  the  needs  of  facility 
operation/maintenance-  the  longest  duration  of  facility  life  cycle.  Sensors,  mobile  devices,  and 
communication  tools  will  continue  to  shape  and  change  how  we  manage  a  facility  throughout  the 
life  cycle.  Good  returns  on  technology  investment  can  only  be  ensured  if  a  prudent 
implementation  strategy  is  developed  and  implemented.  Among  various  responsibilities  of 
facility  operators  and  maintainers,  the  record  tracking  and  resource  management  are  the  most 
challenging  ones.  These  two  tasks  can  be  very  well  served  by  using  sensors,  mobile  computing, 
and  wireless  technologies.  In  the  current  climate  of  tight  budget  and  lean  resources,  using 
technologies  might  be  the  only  means  to  achieve  more  with  less. 
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Presentation  4:  Role  of  Ubiquitous  Computing  in  Facility  Life-Cycle  Information  Integration  (Liu). 
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1.  Background 

Advances  ill  sensor  and  tagging  systems  provide  a  way  to  capture  the  as-built  history  of  a 
construction  project  to  be  utilized  during  facilities  management.  Recent  developments  in 
generating  3D  environments  using  laser  scanning  technologies,  and  in  acquiring  quality 
information  about  built  environments  using  embedded  and  other  advanced  sensors  create 
an  opportunity  to  explore  the  feasibility  of  frequently  gathering  complete  and  accurate 
three-dimensional  and  quality- related  as-built  data  frequently  throughout  the  construction 
and  facility  management  phases  of  a  facility  [Akinci  et  al  2002a;  Gordon  et  al  2003]. 

Similarly,  advances  in  Radio  Frequency  Identification  (RFID)  technology  minimize 
earlier  technological  problems,  such  as  metal  interference,  and  economical  limitations 
and  can  be  applied  to  provide  an  environment  to  capture,  store  and  communicate  data  in 
addition  to  the  ID  Information  on  the  component  [FIATECII  2003;  Akinci  et  al  2002b]. 
As  a  result,  it  is  now  possible  to  deploy  this  technology  to  capture  the  history  of  various 
facility  components  throughout  the  facility  lifecycle  and  hence  enable  components  to 
achieve  Level  1  intelligence,  which  is  defined  as  having  a  unique  identification,  being 
capable  of  communicating  its  status  (form,  composition,  location,  key  features) 
effectively  w  ith  its  environment,  and  being  capable  of  storing  data  about  itself  (current 
and  historical  data)  [EPCtilobal  2003). 

The  current  trends  in  the  A/E/C  industry  for  the  use  of  integrated  project  models  have 
also  shown  that  a  semantically  rich  integrated  project  database,  combining  multiple  views 
for  project  participants,  can  support  various  project  management  and  facility  management 
functions  [e.g.  Froese  et  al  1999;  Yu  et  al  1998].  These  standard  models  provide  an 
opportunity  to  support  data  exchange  during  building  commissioning,  which  is  an  activity 
that  occurs  at  the  interfaces  between  different  phases  of  a  facility  de lively  life  cycle. 

Tli is  paper  discusses  three  on-going  research  projects  at  Carnegie  Mellon,  focusing  on 
utilizing  different  sensor  systems  and  RFID  technologies  to  capture  the  history  of  a 
facility  and  assessing  the  capabilities  of  Indus  try  Foundation  Classes  for  enabling  the  data 
transfer  during  building  commissioning. 
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2.  Problem  Statement 

Not  having  a  complete  project  history  of  as-built  conditions  of  facility  components  results 
in  a  waste  of  time  and  money  during  operation  and  maintenance  of  a  facility.  Not 
capturing  and  storing  a  complete  project  history  minimizes  the  learning  that  can  occur 
within  an  owner  organization. 

In  addition,  when  a  problem  occurs  with  a  component  during  facility  management,  one 
might  need  to  access  the  history  of  a  component  to  correctly  diagnose  and  resolve  the 
problem  effectively  [Akinci  et  al  2002b].  For  example,  when  a  crack  occurs  on  a  precast 
component,  to  be  able  to  correctly  diagnose  the  problem,  one  needs  to  access  information 
about  material,  casting  and  curing  processes  during  the  manufacturing  phase,  the 
transportation  and  installation  conditions  from  the  construction  phase,  and  any  special 
conditions  that  the  component  might  have  faced  during  its  service  life  [Akinci  et  al 
2002b;  Ergen  et  al  2003].  Currently,  most  of  these  information  items  are  stored  in 
various  documents  and  memos,  while  some  are  stored  digitally  in  distributed  databases 
located  in  several  companies.  As  a  result,  it  becomes  very  difficult  to  collect  all  the 
historical  information  needed  to  correctly  diagnose  and  resolve  the  problem,  and  a 
significant  amount  of  time  and  money  can  be  wasted  to  resolve  the  problem.  This  issue 
is  further  pronounced  on  components  such  as  pipe  spools  and  HVAC  ducts  that  need  to 
be  continuously  maintained  throughout  facility  operations  and  maintenance. 

Finally,  data  collected  during  building  commissioning,  which  occurs  multiple  times  from 
the  design  until  decommissioning  of  a  facility,  is  currently  stored  in  reports.  Building 
commissioning  provides  important  information  that  can  be  utilized  during  facilities 
management.  It  is  beneficial  to  leverage  current  standardization  efforts,  such  as  Industry 
Foundation  Classes,  to  transfer  the  data  captured  and  stored  in  building  commissioning 
systems  to  different  facility  management  systems.  The  latest  version  of  the  Industry 
Foundation  classes  provide  some  specifications  that  can  be  utilized  for  capturing  and 
transferring  building  commissioning  data.  However,  further  specifications  need  to  be 
developed  to  be  able  to  fully  support  that  process. 

3.  Approaches,  Examples  and  Results 

This  section  describes  three  on-going  research  projects  at  Carnegie  Mellon  that  leverage 
the  technologies  described  in  Section  1  and  focuses  on  addressing  the  problems  stated  in 
Section  2. 

3.1.  Capturing  the  history  of  a  construction  project  using  laser  scanners, 
embedded  sensor  systems  and  integrated  project  models 

In  this  research  project,  we  target  not  only  capturing  the  history  of  a  construction  project, 
but  also  analyzing  the  data  captured  and  identifying  possible  non-conformances  at  the 
time  that  data  is  collected.  A  large  percentage  of  non-conformances  in  construction  occur 
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during  the  construction  process,  resulting  in  costly  rework  and  adversely  affecting  the 
overall  performance  of  the  built  environment  [e.g.,  Burati  and  Farrington  1987]. 
Researchers  from  the  Architecture,  Robotics,  and  Civil  and  Environmental  Engineering 
departments  at  Carnegie  Mellon  University  are  exploring  the  utilization  of  reality  capture 
technologies,  and  data  modelling  approaches  for  identifying  non-conformances  early  in 
the  construction  process  and  for  capturing  and  storing  the  history  of  a  construction 
project  [Akinci  et  al  2002a;  Gordon  et  al  2003]. 

In  our  approach,  we  use  a  core  "living"  (continuously  updated  and  maintained)  project 
model  composed  of  a  three-dimensional  design  model  with  explicit  design  specifications 
and  multiple  views,  a  construction  process  model,  and  an  as-built  model  of  a  facility  to 
store  the  history  of  a  facility.  The  product  model  and  the  construction  process  models  are 
obtained  from  design  and  scheduling  software  systems.  Using  this  information,  we  create 
inspection  plans  for  scanning  and  embedded  sensing  to  be  utilized  during  construction. 
During  construction,  laser  scanners  and  embedded  systems  are  utilized  to  capture  the  as- 
built  conditions  and  to  provide  frequent  and  accurate  3D  geometric  and  quality- related 
(e.g.,  component  identity,  thermal,  etc.)  as-built  information  to  the  integrated  project 
model.  This  project  model  provides  the  necessary  project  history  for  the  project 
managers  and  owners  of  the  facility.  In  addition,  the  defect  detection  and  management 
modules  in  the  proposed  approach  utilize  this  project  model  to  identify  critical  spatio- 
temporal  and  quality-related  deviations  of  the  work-in-place  and  construction  activities 
and  products  that  are  impacted  from  these  critical  deviations.  It  is  expected  that  this 
defect  management  process  will  in  turn  trigger  a  change  in  the  design  and  or  in  the 
construction  schedule. 

As  part  of  this  effort,  we  conducted  several  case  studies  on  construction  projects  in 
Pennsylvania  to  identify  challenges  and  opportunities  in  applying  specific  reality  capture 
technologies  and  in  coordinating  suites  of  these  tools  on  construction  sites.  During  these 
case  studies,  we  embedded  sensing  in  concrete  and  frequently  obtained  laser  scans. 
Below  include  some  of  the  initial  results  obtained  from  these  case  studies  [Gordon  et  al 
2003]. 

3.1.1  Creating  Inspection  Plans  and  Determining  Measurement  Goals 

It  is  inefficient  to  fully  saturate  a  built- environment  with  embedded  sensors  and  laser 
scanning  activities.  It  is  important  to  identify  ahead  of  time  what  types  of  sensors  should 
be  utilized  when.  In  the  case  studies,  we  reviewed  available  design  documentation  for 
requirements  to  be  verified  using  laser  scanners  and  embedded  sensing  at  specific  points 
in  the  construction  schedule  [Gordon  et  al  2003]. 

3.1.2  Embedded  Sensing  and  Sensor  Planning 

Embedding  sensors  into  a  facility  requires  commitment  to  a  certain  location  and  time 
period  for  sensing,  without  the  option  to  revisit  the  sensors  for  maintenance  or 
replacement.  Many  issues,  such  as  modality,  location,  time  and  duration  of  sensing,  and 
data  communication  and  storage,  should  be  considered  in  an  embedded  sensor  plan. 
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Sensor  planning  becomes  much  more  difficult  for  larger  deployments  under  the  dynamic 
and  complex  conditions  experienced  on  construction  sites  overtime. 

Given  a  construction  schedule,  design  model,  and  defined  inspection  goals,  the  output  of 
the  embedded  sensor  planning  process  is  a  series  of  decisions  of  when  and  where  to  sense 
what  properties  of  a  component  for  how  long  and  with  what  sensor.  To  simplify  this 
process  for  the  case  studies,  we  used  a  single  type  of  sensor  and  fixed  a  receiver  and  data 
logger  in  a  secure  construction  trailer.  In  these  studies,  we  discovered  that  the  data  logger 
needed  additional  memory  to  make  sufficient  temperature  readings  in  the  field,  where  the 
timing  of  concrete  placement  is  more  variable  than  under  controlled  conditions. 

3.1.3  Laser  scanner  planning 

The  goal  of  laser  scanner  planning  is  to  optimize  the  use  of  scanners  to  achieve  a  given 
set  of  measurement  goals  in  the  built  environment.  Total  saturation  of  the  construction 
environment  with  laser  scans  is  an  inefficient  option  and  at  the  same  time,  sparse 
scanning  risks  missing  areas  of  interest  that  may  be  occluded  or  otherwise  hard  to  access 
for  necessary  measurements.  To  minimize  the  cost  of  scanning,  researchers  from  the 
Robotics  Institute  are  constructing  an  algorithm  that  determines  optimal  scanner 
configurations  based  on  current  site  conditions,  measurement  goals,  and  the  goal  of 
minimizing  costs.  The  algorithm  developed  so  far  performed  well  on  the  case  study  site 
with  few  overlapping  goal  spaces,  but  had  difficulty  when  multiple  goals  existed  in  close 
proximity. 

3.1.4  Laser  scanning 

Given  laser  scan  plans,  we  experimented  with  two  laser  scanners  :  (1)  a  commercially  - 
available  Zoller  +  Frohlich  LARA  25200  (Z+F  scanner),  (2)  a  research  test-bed, 
composed  of  two  actuated  SICK  lasers  (CTA  scanner).  The  Z+F  scanner  is  able  to  scan 
360°  horizontally  and  70°  vertically,  and  capture  range  and  reflectance  data  for  each 
point.  It  has  a  maximum  range  of  25  meters.  It  takes  approximately  90  seconds  to 
complete  a  scan.  We  averaged  6  minutes  per  scan  with  spin-up  time  and  interface 
navigation  included.  Figure  1  shows  an  example  of  that  scan.  The  CTA  scanner  is  made 
of  two  SICK  lasers:  one  mounted  horizontally  and  one  vertically,  with  each  able  to  scan  a 
180°  line.  The  CTA  scanner  has  a  maximum  range  of  80  meters.  A  scan  takes 
approximately  45  seconds  to  complete;  total  scan  time,  including  spin-up  time  and 
interface  navigation,  averages  2  minutes. 
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Figure  1.  Z+F  scanner  output  (from  Gordon  et  al  2003) 


The  scale  and  detail  required  for  each  measurement  goal  determines  the  choice  of 
scanner.  Data  generated  from  the  Z+F  was  of  very  high  density  and  quality,  with  one 
problem:  range  data  that  exceeds  25  meters  wraps  around  to  2  meters.  We  found  that  the 
ability  to  scan  up  to  80  meters,  as  in  the  case  of  CTA  scanner,  can  make  construction 
applications  of  laser  scanning  time- effective,  especially  for  a  large  number  of 
measurement  goals  [Gordon  et  al  2003], 

3.1.5  Object  Recognition 

Using  the  3D  point  cloud  output  of  the  laser  scanning  process,  the  team  was  able  to 
visualize  the  geometric  as- built  site  conditions.  However,  a  point  cloud  does  not  provide 
an  optimal  representation  to  allow  high-level  reasoning  about  defects  and  their  early 
detech  on.  In  addition,  the  goal  of  capturing  the  history  of  a  project  can  be  achieved  by 
recognizing  and  representing  objects  in  a  scene.  Object  recognition  provides  the  bridge 
between  the  raw  data  and  a  CAD  model  of  the  site,  abstracting  the  point  cloud  data  into  a 
higher-level,  more  portable  representation.  The  algorithm  developed  by  the  team  can 
detect  objects  with  arbitrary  and  unknown  pose.  The  existing  site  model  provides  an 
initial  estimate  of  the  location  of  the  model  objects  within  the  3D  point  cloud.  This  a 
priori  knowledge  allowed  us  to  focus  the  recognition  algorithm  on  the  relevant  region  of 
the  data  and  to  process  the  data  at  a  higher  resolution  than  would  be  possible  if  the  entire 
point  cloud  was  used. 

3.1.6  Representation  of  as-built  information  in  standard  project  models 

To  automate  the  assessment  of  as-built  conditions  and  to  be  able  to  represent  and  store 
the  history  of  a  construction  project,  both  as-built  and  as-designed  models  need  to  be 
represented  in  a  semantically  rich  way  and  the  necessary  relationships  between  these  two 
models  need  to  be  created  and  maintained  throughout  construction.  IFC  Rel  2x. 
specifications  have  limitations  in  modeling  as-designed  and  as-built  information  into  one 
project  model  to  support  the  automation  of  as-built  conditions.  It  is  necessary  to  extend 
the  current  IFC  representation  without  increasing  the  complexity  unnecessarily  from  both 
an  understandability  and  a  processability  point  of  view.  For  the  purpose  of  allowing  IFCs 
to  represent  both  design  and  as-built  information  in  one  project  model  simultaneously,  we 
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propose  a  solution  that  allows  for  fast  processing  of  the  IFC  model  without  increasing  the 
complexity  of  the  IFCs.  This  was  accomplished  through  the  utilization  of  the 
IfcRepresentationContext  concept  in  IFCs  and  adding  a  new  attribute  called  Context  to 
the  IfcRelationship  class. 

3.2.  Utilizing  RFID  tags  to  capture  the  history  of  a  component 

RFID  is  an  automatic  identification  technology  used  to  identify,  track,  and  detect  various 
objects.  RFID  systems  are  composed  of  two  components:  a  tag,  and  a  reader.  An  RFID 
tag  is  an  electronic  label  that  stores  data  and  is  attached  to  objects.  Readers,  which  send 
RF  (Radio  Frequency)  signals  for  communication,  are  used  to  read  data  from  these  tags. 
A  reader  is  composed  of  an  antenna,  a  transmitter/receiver  and  decoder.  Current  RFID 
technologies  use  three  frequency  ranges:  low  (100-500  kHz),  intermediate  (10-15  Mhz), 
and  high  (850-950  Mhz  /  2.4-5. 8  Ghz).  RFID  tags  can  be  classified  as  either  active  or 
passive  based  on  the  power  source.  An  active  tag  has  an  internal  battery  for  power.  A 
passive  tag  utilizes  the  energy  generated  by  a  reader/antenna.  Active  tags  have  a  greater 
read/ write  range  (up  to  30  m).  However,  they  are  larger  in  size,  more  expensive,  and 
have  a  limited  life  span  (5-10  years).  Passive  tags  are  cheaper,  smaller,  lighter,  and  have 
unlimited  life  span.  However,  they  require  a  more  powerful  reader  and  have  shorter  read 
ranges.  Tags  also  can  be  read  only  (RO),  read  /  write  (R/W)  or  write  once  /  read  many 
(WORM).  After  the  data  is  read  from  any  type  of  transponder,  it  can  be  sent  to  a  host 
computer,  or  stored  on  a  reader  to  be  later  uploaded  to  a  computer  [Akinci  et  al  2002] . 

In  this  research,  we  leverage  these  features  of  the  RFID  technology  and  assess  the 
capability  of  this  technology  to  store  some  critical  historical  information  about  a 
component  so  that  various  related  parties  can  access  and  write  relevant  information  as  the 
component  moves  through  its  supply-chain. 

We  are  currently  performing  several  pilot  case  studies  in  a  precast  manufacturing  and  a 
pipe  spool  manufacturing  plants.  The  initial  results  of  a  field  test  done  at  a  pipe  spool 
manufacturing  plant  showed  that  active  tags  operating  at  433.92  MHz  frequency  at  a 
read/write  distance  of  60-150  feet  work  well  for  storing  some  information  on  the  tag  and 
reading  id  and  other  information  from  multiple  tags  in  a  short  period  of  time  [FIATECH 
2004]. 

3.3.  Evaluation  of  IFC  specifications  to  support  building  commissioning 

ASHRAE  defines  commissioning  as  the  process  of  ensuring  that  systems  are  designed, 
installed,  functionally  tested  and  capable  of  being  operated  and  maintained  to  perform  in 
conformity  with  the  design  intent  (Guideline  1-1996).  The  role  of  commissioning,  as  we 
call  it  embedded  commissioning,  is  to  complement  each  of  the  lifecycle  phases  and  their 
interactions  through  timely  building  system  evaluation.  To  be  able  to  support  this, 
Current  standardization  efforts,  such  as  Industry  Foundation  Classes,  need  to  represent  the 
building  commissioning  data  to  be  exchanged  at  different  phases. 
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Our  approach  includes  developing  a  prototype  system  to  collect  building  commissioning 
information  and  a  test  rig  to  assess  the  capabilities  of  various  releases  of  Industry 
Foundation  Classes  in  exchanging  the  necessary  building  commissioning  data  (Figure  2). 
We  approach  this  from  two  angles.  First,  we  are  exploring  the  representational  needs  of 
building  commissioning  process  and  the  management  of  building  commissioning  data. 
The  second  facet  of  our  approach  is  testing  the  adequacy  of  Industry  Foundation  Classes 
for  suppoil  of  commissioning  process  and  exploring  the  possibilities  of  data  exchange. 


Figure  2.  Building  Commissioning  based  IFC  Test  Rig 


Initially,  we  have  focused  our  effort  developing  a  representation  schema  that  shows  the 
data  that  need  to  be  represented  for  building  commissioning  activity  performed  for 
HVAC  components  during  post- construction.  We  specifically  focused  on  developing 
data  models  for  fans  and  air  filter  units.  We  have  tried  mapping  our  building 
commissioning  fan  and  air  filter  model  to  IFC  release  2.  In  that  case,  we  were  able  to 
represent  about  60%  of  the  building  commissioning  data  items  using  IFCs.  In  the  recent 
release  of  IFCs,  the  data  representation  within  the  HVAC  domain  got  significantly 
augmented  with  the  use  of  predefined  property  sets.  Using  that  release,  we  were  able  to 
map  90  %  of  our  information  to  the  specifications.  We  are  currently  performing  further 
tests  and  developing  and  testing  additional  data  models  within  the  HVAC  domain. 

4.  Conclusions  and  Recommendations 

Reality- capture  technologies,  such  as  laser  scanners  and  embedded  sensing  systems, 
available  to  the  Architecture/Engineering/Construction  industry  provide  a  way  to  capture 
the  history  of  a  project  to  be  used  during  facility  management.  Similarly,  advances  in 
RFID  technologies  enable  the  capture  and  storage  of  a  product’s  history  on  the  product 
itself  and  enable  Level  1  intelligence  for  facility  components.  To  be  able  to  get  full 
benefits  from  these  technologies,  it  is  necessary  to  plan  for  how  these  technologies  can  be 
utilized  on  construction  sites.  In  addition,  data  modeled  in  current  standard  project 
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models,  such  as  Industry  Foundation  Classes,  should  be  enhanced  to  enable  l he 
representation  of  the  data  captured  in  these  devices.  Finally,  additional  specifications 
also  need  to  he  developed  to  enable  embedded  commissioning,  which  complements  each 
of  the  lifecycle  phases  and  their  interactions  through  timely  building  system  evaluation. 
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Presentation  5:  Using  Sensor  Systems  and  Standard  Project  Models  (Akinci). 
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Akinci  presentation  continued 
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Akinci  presentation  continued 
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Akinci  presentation  continued 

Integration  of  design  and  as-built  is  valuable 
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Akinci  presentation  concluded 
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and  air  filter. 

Tested  the  data  eachar  ge  between  our  BC 
model  and  IFG  Rel  2  and  Ret  2x2. 

Using  IFC  Rel  2.  w*  were  able  to  exchange 
about  60%  of  the  data. 

Using  IFC  Rel  2x2  class  specifications  and  the 
property  sets.  we  were  a  We  to  exchange  90%  of 
Lhe  data. 

Further  testing  will  be  done  with  additional 
classes. 


Overall  Conclusions 


«  The  capabilities  of  data  capture  technologies  is 
significantly  getting  better. 

#  Need  for  developing  formalisms  for  planning  the 
usage  of  these  technologies  and  analysis  of  Ihe 
data  captured  by  these  technologies 

4  Standard  data  models  are  getting  better  in 
representing  building  commissioning  and  project 
history  related  data 
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of  Construction  Projects 

Ed  Jaselkis,  Iowa  State  University,  Department  of  Civil  and  Construction 
Engineering 


RFID  Technology  for  Pervasive,  Ubiquitous  Computing  in  the  Life-Cycle  of 
Construction  Projects 

Edward  J.  Jaselskis1 

Abstract:  This  paper  provides  construction  industry  owners  and  contractors  with  current 
information  about  enhancing  their  operations  using  radio  frequency  identification  (RFID) 
technology.  Radio  frequency  identification  involves  the  use  of  tags,  or  transponders,  that 
collect  data  and  manage  it  in  a  portable,  changeable  database;  communicate  routing 
instructions  and  other  control  requirements  to  equipment;  and  withstand  harsh 
environments.  This  paper  describes  a  pilot  test  using  RFID  tags  to  enhance  the  material 
management  process  on  an  actual  construction  project.  It  also  investigates  ways  to 
integrate  RFID  technology  throughout  the  project  life  cycle,  improving  productivity,  cost, 
schedule,  quality,  and  safety. 

Background 

Radio  frequency  identification  technology  can  play  an  important  role  in 
developing  a  pervasive,  ubiquitous  computing  environment.  This  will  reduce  overall 
project  cost,  schedule,  improve  quality,  and  safety  during  construction  as  well  as  facility 
operations  and  maintenance.  Radio  frequency  identification  involves  the  use  of  tags,  or 
transponders,  that  collect  data  and  manage  it  in  a  portable,  changeable  database; 
communicate  routing  instructions  and  other  control  requirements  to  equipment;  and 
withstand  harsh  environments.  It  can  be  viewed  as  a  sister  technology  to  bar  code  labels 
which  use  light  waves  instead  of  radio  waves  to  read  a  tag.  An  RFID  system  comprises 
tags,  or  transponders,  and  a  reader  that,  depending  on  configuration,  includes  an  antenna 
and  scanner.  The  tag  contains  a  small  integrated  circuit  chip  and  an  antenna  that  is 
encapsulated  in  a  protective  shell.  The  reader  contains,  at  a  minimum,  an  antenna  and 
scanner  and  is  used  to  communicate  with  the  tag.  Tags  can  be  categorized  as  read  only  or 
have  both  read  and  write  capabilities.  Moreover,  they  are  classified  as  active,  which 
means  they  include  a  battery,  or  passive,  which  means  they  are  powered  by  the  reader’s 
energy  field.  The  memory  capacity  of  the  tags  varies  from  64  to  32,768  bytes  (one  byte 
equals  eight  bits  of  binary  code).  The  technology,  in  existence  for  several  years,  is 
currently  being  used  in  several  application  areas  such  as  vehicle  access,  personnel 
identification,  asset  tracking,  livestock  identification,  and  tolls  and  fees.  Application 
development  is  currently  underway  in  areas  related  to  groceries,  postage  stamps,  and 
baggage  identification  in  airports. 

The  primary  benefits  of  using  RFID  technology  are  its  ability  to  store  data  and 
retrieve  it  at  a  later  time.  In  addition,  unlike  bar  code  labels,  it  is  more  robust  because 
RFID  tags  are  not  damaged  as  easily,  can  be  read  in  direct  sunlight,  and  survive  harsh 
conditions.  Limitations  include  higher  tag  costs  compared  to  bar  code  labels;  lack  of 
standardization,  which  prohibits  one  manufacturer’s  reader  from  reading  another 
manufacturer’s  tag;  and  potential  interference  from  steel  objects  and  other  radio 
frequency  signals. 


1  Associate  Professor,  Department  of  Civil  and  Construction  Engmeering,  Iowa  State  University,  450  Town 
Engineering  Building,  Ames,  I A  50011  Phone:  (515)  294-0250  Email:  ejaselsk@iastate.edu 
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Problem  Statement 

This  paper  addresses  how  RFID  technology  can  improve  several  construction  and 
owner- related  processes.  Several  construction-related  processes  can  be  potentially 
enhanced  using  this  technology  such  personnel  accountability,  safety,  and  material 
control.  For  the  owner,  the  greatest  enhancements  relate  to  improving  their  asset 
management  process.  Discussions  with  both  owner  and  contractors  indicate  that  material 
and  asset  management  are  two  key  areas  where  interest  in  using  such  a  device  is  the 
highest. 

Approach 

This  paper  considers  the  use  of  radio  frequency  tags  to  assist  both  the  contractor 
during  construction  and  owner  during  the  operation  phase.  A  pilot  test  was  conducted  to 
explore  the  usefulness  of  this  technology  from  the  contractor’s  perspective  as  it  relates  to 
material  management.  This  is  followed  by  a  more  general  discussion  of  other 
applications.  Overall,  this  research  explores  how  to  best  integrate  RFID  technology 
throughout  the  project  life  cycle  to  improve  productivity,  cost,  schedule,  quality,  and 
safety. 

Example 

A  pilot  test  was  conducted  which  involved  receiving  pipe  supports  and  hangers  on 
a  Bechtel  Power  Plant  project  in  Ackerman,  Mississippi.  The  current  procedure  involves 
unloading  and  shaking  out  pallets  of  supports  and  hangers,  manually  “kicking  and 
counting”  items,  checking  them  against  a  packing  list,  and  manually  entering  data  into 
Bechtel’s  material  tracking  system  that  calls  it  PTS,  or  Procurement  Tracking  System. 
This  process  is  time  consuming  and  prone  to  mistakes. 

Using  the  RFID  approach,  an  RFID  tag  is  placed  on  the  pipe  support  at  the 
supplier’s  fabrication  plant.  Like  the  manual  approach,  pallets  are  still  unloaded  and 
shaken  out.  Using  RFID,  only  one  worker  is  required  to  kick  and  count  the  pipe  supports 
instead  of  two  using  the  traditional  manual  approach.  The  worker  scans  the  tag, 
populating  the  screen  with  information  related  to  the  pipe  hanger’s  purchase  order 
number,  release  number,  and  requisition  number.  Three  questions  were  answered  related 
to  each  hanger’s  quantity,  condition,  and  storage  location.  This  information  was  then 
written  back  to  the  tag  for  later  use.  Once  all  tags  had  been  scanned,  the  last  step 
involved  downloading  the  data  to  the  PTS. 

The  pilot  test  involved  a  total  of  28  hangers  with  RFID  tags.  To  compare  the 
manual  and  RFID  approaches,  time  measurements  were  taken  for  both  methods.  The 
research  team  initially  timed  the  manual  approach  used  to  receive  these  hangers.  Earlier, 
Bechtel  field  procurement  workers  timed  the  manual  approach,  using  three  other 
shipments  of  pipe  hangers  and  supports,  and  provided  the  research  team  with  these  data. 
Workers  were  trained  for  approximately  fifteen  minutes  on  the  use  of  the  Telxon  reader. 
Figure  1  shows  a  worker  receiving  a  pipe  support  using  the  RFID  approach. 
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Figure  I :  Worker  Receiving  Pipe  Support  using  RFID  Approach 

The  research  team  used  several  methods  to  record  observations  tor  this  pilot  test. 
A  video  camera  was  used  to  record  the  entire  process,  including  shaking  out  the  pallets, 
manually  receiving  the  pipe  supports,  and  receiving  pipe  supports  using  RFID.  Also,  a 
digital  camera  was  used  lo  provide  still  photographs  of  the  process.  Finally, 
conversations  with  the  field  workers,  warehouse  supervisor,  and  other  research  team 
members  were  audio  taped  for  future  reference. 

Results 

Table  1  summarizes  the  time  requirements  for  performing  the  receipt  process 
using  the  manual  and  RFID  approaches.  The  table  shows  the  three  steps  of  the  pipe 
hanger  receiving  process  for  the  project  (i.e,  unloading,  receiving,  and  data  transfer). 

This  process  begins  by  unloading  the  trucks  and  storing  the  material  in  the  laydown  area 
regardless  of  approach  (manual  versus  RFID),  making  the  timing  of  this  step  the  same  for 
both  approaches.  It  is  included  in  this  analysis,  however,  to  show  the  complete  cycle. 

The  next  step  involves  unpacking  the  pallets  and  receiving  the  items.  For  the  manual 
approach,  this  step  means  checking  off  each  item  from  the  packing  list.  A  Telxon  reader 
is  used  to  scan  the  tag  and  write  information  back  to  the  tag  using  the  RFID  approach. 
Step  3  involves  recording  this  information  into  the  PTS. 

As  mentioned  earlier,  Bechtel  had  made  three  time  studies  using  the  manual 
approach  (refer  to  the  first  three  columns  in  the  Table  1).  Note  that  the  average  time  to 
unload  one  hanger  varied  from  approximately  0.54  minutes  to  1 .89  minutes.  Since  the 
research  team  was  unable  to  time  the  unloading  process  for  this  pilot  test,  a  simple 
average,  1.07  minutes,  is  used,  based  on  the  unload  times  from  the  previous  shipments. 

The  time  to  manually  receive  the  pipe  hangers  and  supports  (includes  shaking  out 
pallets  and  providing  verification  with  packing  list)  varied  from  2.84  minutes  to  6.31 
minutes.  The  wide  variability  in  the  time  it  took  to  complete  the  receiving  process  can  be 
explained  by  some  reported  unavoidable  problems  in  each  trial.  For  example,  in  the  third 
manual  test  (on  February  1,  2000),  one  of  the  packing  lists  had  item  numbers  but  no  tag 
numbers.  Thus,  the  receivers  had  to  go  back  and  cross  reference  the  items,  which 
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required  considerable  time.  In  the  second  manual  test  (on  January  24,  2000),  some 
hangers  had  no  item  numbers,  and  others  were  not  even  on  the  packing  list.  The  time 
required  to  receive  the  pipe  supports  and  hangers  using  the  RFID  approach  was 
approximately  2.42  minutes.  Much  of  the  time  savings  using  RFID  results  from  using 
only  one  person  for  the  verification  process. 

Table  1:  Pilot  Test  Time  Measurements 

Method 

Manual 

Manual  RFID 

Date 

1-18-00  |  1-24-00 

2-1-00 

2-10-00 

Observer 

Bechtel 

Researcher  Team 

Number  of  hangers 
received 

166 

95 

76 

28 

Step  1:  Unloading 

Number  of  workers 
involved  in 

unloading  hangers 

3 

3 

2 

Not  Available 

Unload  hangers  from 
truck  using  forklift 
(minutes) 

30 

60 

30 

Not  Available 

Average  time  to 
unload  one  hanger 
(minutes) 

3*30/166 

=0.54 

3*60/95 
=  1.89 

2*30/76 

=0.79 

Average 

=1.07 

Step  2:  Receiving 

Number  of  workers 
involved  in  receiving 
hangers 

2 

1 

2 

2 

1 

(use  of  RFID  reader 
only) 

Time  to  shake  out 
pallets  (minutes) 

Included 
in  next 
item 

19 

(2  persons) 

Time  to  verify 

received  hangers, 

including  unpacking 
time  (minutes) 

240 

270 

240 

17 

(2  persons) 

30 

(1  person) 

Average  time  to 
receive  one  hanger 
(minutes) 

240*2/166 
=  2.89 

270*1/95 

=2.84 

240*2/76 

=6.31 

2*(19+17)/28 
=  2.57 

[(2*19)+(l*30)]/28 

=2.42 

Step  3:  Data  Transfer 

Time  to  enter  all 
hanger  data  into  PTS 
(minutes) 

60 

75 

40 

Not 

Performed 

Not  Performed 
(assume  20  minutes 
for  all  hangers) 

Average  time  to 
enter  one  hanger  into 
PTS  (minutes) 

60/166 

=0.36 

75/95 

=0.79 

vo  m 

o  o 

^  II 

Not 

performed 
Average =0.56 

(20/28)= 

0.71 
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Average  Time  for  the  Three  Steps 


Average  total  time  to 

(0.54+2.89+ 

(1.89+2.84+ 

(0.79+6.31+ 

(1.07+2.57+ 

(1.07+2.42+0.71) 

complete  the 

0.36) 

.79) 

.053) 

0.56) 

=4.20 

receiving  process  for 
one  hanger  (minutes) 

=3.79 

=5.52 

=7.63 

=4.20 

The  last  step  in  the  receiving  process  involved  entering  the  data  into  the  Bechtel 
PTS,  which  is  accomplished  by  a  clerk  in  the  warehouse.  The  average  time  to  enter  one 
hanger  into  PTS  is  0.56  minutes  but  varied  from  a  low  of  0.36  minutes  to  a  high  of  0.79 
minutes.  It  was  not  possible  to  directly  download  the  data  from  the  Telxon  reader  into 
PTS  since  the  software  interface  was  not  developed,  so  an  assumption  was  made  that  it 
would  take  at  most  20  minutes  to  perform  this  operation  for  any  number  of  hangers.  As 
can  be  seen  from  Table  1,  it  took  approximately  4.2  minutes  per  hanger  to  complete  the 
receipt  process  using  RFID  compared  to  an  average  of  5.29  minutes 
[(3.79+5. 52+7.63+4.2)/4]  using  the  manual  approach. 

Overall,  the  Bechtel  field  and  warehouse  personnel  liked  various  aspects  of  the 
technology.  In  particular,  they  appreciated  the  ability  to  read  tags  in  direct  sunlight 
unlike  bar  code  labels  that  can  be  difficult  to  read  in  the  same  situation.  Additionally,  the 
RFID  tags  were  well  protected  and  less  susceptible  to  damage  than  the  bar  code  labels. 
However,  to  read  the  tag  properly,  the  RFID  antenna  had  to  be  within  a  few  inches  of  it. 
In  addition,  tags  that  had  the  metal  tie  wire  running  across  the  top  of  the  enclosure  were 
difficult  to  read  because  the  wire,  in  some  way,  interfered  with  the  radio  signals.  In  these 
cases,  the  reader  antenna  had  to  be  positioned  underneath  the  tag  to  properly  scan  it. 
Workers  also  liked  knowing  when  a  tag  had  already  been  scanned  because  the  answers  to 
their  questions  would  appear  on  the  screen  of  a  previously  scanned  pipe  hanger  or 
support. 

The  software  application  worked  well  for  the  first  construction  site  pilot,  but 
feedback  from  the  field  material  receiving  team  reflected  the  need  to  make  some 
improvements  before  conducting  the  next  pilot.  The  main  issue  involved  writing  back  to 
the  tag  fewer  times.  In  this  test,  the  workers  needed  to  write  back  to  the  tag  after 
answering  each  of  the  three  questions,  requiring  considerable  bending  and  causing  sore 
knees  after  a  while.  By  enabling  workers  to  answer  the  questions  and  write  back  to  the 
tag  only  once,  the  receiving  process  will  be  less  strenuous  and  will  also  lead  to  greater 
time  savings. 

RFID’s  Role  in  a  Pervasive,  Ubiquitous  Computing  Environment 

Radio  frequency  identification  can  be  used  to  support  the  pervasive,  ubiquitous 
computing  environment  in  several  areas.  There  are  numerous  other  construction-related 
applications  such  as  personnel  accountability,  safety,  rigging  and  testing  equipment,  fleet 
management,  measuring  and  testing  equipment,  and  quality.  For  the  owner,  the  greatest 
benefit  is  related  to  improved  asset  management.  In  the  following  sections,  each  of  these 
areas  is  discussed  in  greater  detail. 
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Construction 

Personnel  Accountability 

Radio  frequency  identification  tags  can  be  beneficial  in  the  area  of  personnel 
accountability  as  it  relates  to  timekeeping,  certification,  and  tool  management.  In  terms 
of  timekeeping,  each  craft  worker  on  the  construction  site  could  wear  an  RFID  badge  for 
checking  in  into  and  out  of  the  job  site,  providing  a  more  automated  approach  than  the 
old  “brassing”  system,  which  is  still  used  today.  Workers  could  simply  walk  through  a 
portal  and  be  automatically  entered  into  the  time-keeping  system. 

This  same  badge  could  be  used  to  record  certification  and  medical  records  as  well. 
A  worker’s  latest  certification  data  could  be  recorded  on  the  tag,  identifying  the  worker’s 
level  of  proficiency  in  the  areas  of  welding  and  specialized  safety  training  (e.g.,  fall 
protection,  man-lift  training,  and  confined  space  training).  Relevant  medical  information 
could  also  be  written  to  the  tag,  indicating  possible  limitations  that  would  assist  foremen 
and  superintendents  in  providing  the  most  suitable  work  assignments. 

The  worker  RFID  badges  could  also  be  used  for  enhanced  tool  management. 
Worker’s  badges  could  be  scanned  at  the  tool  shed  along  with  the  tools  that  they  check 
out.  This  system  would  facilitate  faster  tool  checkout  and  better  tool  and  small 
equipment  accountability.  The  tool  shed  supervisor  would  have  access  to  current  data 
regarding  which  workers  have  tools  checked  out.  If  someone  else  needed  that  particular 
tool  or  piece  of  equipment,  it  could  be  easily  determined  who  had  the  item. 

Safety 

Construction  site  safety  can  also  be  enhanced  using  RFID  tags.  The  tags  could  be 
attached  to  equipment  such  as  ropes,  electrical  extension  cords,  and  safety  harnesses  and 
contain  pertinent  information  such  as  date  of  last  inspection,  date  of  next  inspection,  and 
any  possible  use  restrictions.  Such  RFID  tags  would  make  it  easier  for  the  safety 
coordinator  to  keep  track  of  all  safety  equipment  and  ensure  that  they  are  in  safe 
operating  condition  before  each  use.  Additionally,  certain  types  of  construction 
equipment  (e.g.,  backhoes,  cranes,  and  man  lifts)  could  include  an  interlock  that  would 
prevent  the  machine  from  starting  unless  the  proper  code  is  read  from  a  worker’s  RFID 
badge,  showing  that  the  appropriate  level  of  proficiency  had  been  achieved. 

Rigging  Equipment 

Similar  to  the  tagging  of  safety  equipment,  RFID  tags  can  also  be  placed  on  all 
rigging  equipment  such  as  chokers,  chains,  and  hooks.  Appropriate  information  such  as 
date  of  last  inspection,  date  of  next  inspection,  and  possible  restrictions  (e.g.,  load  limits 
and  attaching  procedures)  could  be  provided  on  each  tag.  Prior  to  using  the  rigging 
equipment,  workers  would  be  able  to  verify  the  equipment’s  integrity.  If  an  item  is 
damaged  during  a  lift,  this  could  be  recorded  on  the  RFID  tag,  warning  potential  future 
users.  This  field  can  be  changed  once  the  piece  of  rigging  gear  has  been  fixed  and 
recertified. 

Fleet  Management 

Radio  frequency  identification  technology  can  also  be  used  to  enhance  the  fleet 
management  program  for  both  construction  and  facility  operation  organizations.  Several 
types  of  equipment  used  for  building  and  maintaining  a  facility  (e.g.,  cranes,  trucks, 
forklifts,  dozers,  and  front-end  loaders)  have  their  own  unique  maintenance  requirements. 
Cranes  and  dozers,  for  example,  require  frequent  lubrication  of  moving  parts  so  that  these 
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components  perform  at  their  peak  capability.  Radio  frequency  identification  tags  could 
be  attached  to  each  vehicle  to  track  its  maintenance  history  (e.g.,  oil  changes,  lubrication 
schedule,  and  tire  rotations).  As  the  equipment  is  moved  from  job  to  job,  the  vehicle’s 
complete  maintenance  history  will  be  available.  These  tags  can  provide  equipment 
mechanics  with  specialized  maintenance  instructions,  helping  them  perform  their  jobs 
better. 

Furthermore,  RFID  can  be  linked  to  on-board  sensors  to  monitor  equipment 
performance  and  location  anywhere  in  the  world.  On-board  instruments,  such  as  engine 
temperature  sensors,  oil  gauges,  coolant  gauges,  and  geopositioning  sensors  (e.g.,  global 
positioning  systems),  could  provide  data  input  to  an  active  transponder  located  in  the 
vehicle.  If  certain  set  point  values  are  exceeded  (e.g.,  engine  temperature  is  above 
normal),  a  signal  could  be  sent  out  to  the  fleet  management  software  program  indicating  a 
potential  concern  with  a  particular  piece  of  equipment  and  including  its  location.  This 
signal  would  prompt  the  notification  of  a  mechanic  to  investigate  the  problem. 

Measuring  and  Testing  Equipment 

Radio  frequency  identification  tags  can  also  be  used  to  enhance  the  quality  system 
associated  with  the  calibration  and  control  of  measurement  and  test  equipment  (M&TE) 
such  as  pressure  and  vacuum  gauges,  dial  indicators,  thermometers,  torque  indicators, 
and  ultrasonic  measuring  equipment.  Each  piece  of  M&TE  can  include  an  RFID  tag 
programmed  with  data  to  meet  project  contract  requirements,  specifications,  and  relevant 
codes  and  standards.  For  example,  tags  can  contain  information  related  to  the  property 
number,  calibration  date,  calibration  agency,  standard  reading,  as -received  reading,  after 
adjustment  reading  (if  required),  storage  requirements,  and  due  date  for  next  calibration. 
The  convenient  features  of  this  approach  are  that  the  information  follows  the  piece  of 
equipment  and  workers  do  not  need  to  have  access  to  the  database. 

Quality 

Radio  frequency  identification  can  also  be  used  to  improve  the  quality  control  of 
various  processes  that  involve  numerous  steps  such  as  installation  of  pipe  spools.  In  this 
application,  the  following  steps  are  included:  receipt,  inventory,  installation  (i.e.,  fit-up, 
tack  welding,  full  welding,  quality  control  acceptance,  hydro  testing,  heating  tracing, 
insulation,  and  turnover).  The  general  foreman  or  piping  superintendent  could  scan  the 
tag  on  a  pipe  spool  to  see  if  the  quality  control  inspector  has  provided  acceptance  of  a 
certain  step.  If  a  particular  quality  issue  arises,  identified  by  a  combination  of  writing  to 
and  placing  a  visual  marking  on  the  tag,  hold  points  could  be  placed  on  the  pipe  spool 
during  any  step  of  the  process,  providing  workers  with  necessary  information  before  they 
continue  the  installation  process.  For  example,  the  workers  could  be  instructed  not  to 
heat  trace  a  particular  pipe  spool  until  all  of  the  welds  have  been  certified.  Or,  the 
instruction  may  be  not  to  insulate  the  pipe  until  it  has  been  hydro  tested.  Quality  control 
specialists  can  then  perform  their  test  and  scan  the  test  information  back  to  the  tag, 
indicating  that  this  pipe  spool  is  ready  for  the  next  step.  Quality  control  might  want  to 
frequently  perform  some  audits  using  a  checklist,  scanning  an  RFID  tag,  and  scanning  a 
template  to  verify  if  it  is  set  or  unset.  On  small  projects,  this  quality  control  procedure 
may  be  easy  to  track,  but  on  large  projects,  it  could  be  more  difficult. 
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Facility  Management 

Owners  can  also  benefit  from  the  use  of  RFID  technology  during  the  maintenance 
and  operations  phase.  The  owner’s  primary  interest  would  probably  be  the  protection  of 
the  asset  and  its  warranty.  After  the  construction  and  start-up  phases  are  completed,  the 
contractor  is  required  to  provide  the  owner  with  a  turnover  package,  including  as -built 
drawings,  specifications,  warranties,  operation  manuals,  and  preventive  maintenance 
requirements.  Radio  frequency  identification  tags  attached  to  each  asset  could  contain 
some  of  this  information  as  well  as  a  history  of  its  installation  process  (e.g.,  preventive 
maintenance  performed  during  the  construction  phase  and  start-up  date).  During  the 
operating  life  of  the  plant  facility,  the  owner  would  continue  using  the  tag  for 
maintenance. 

As  an  example,  consider  an  electric  motor  being  tracked  from  the  construction  to 
operations  phase  (Figure  2).  An  RFID  tag  could  be  used  to  facilitate  the  installation 
process,  including  such  information  as  the  serial  number,  manufacture  data,  unit  cost, 
number  of  windings,  rate  revolutions  per  minute,  rated  voltage,  preventive  maintenance 
issues,  and  important  installation  instructions.  When  this  motor  is  turned  over  to  the 
owner,  the  information  could  become  part  of  the  owner’s  capital  asset  management 
program  and  enhance  its  performance.  The  owner  would  likely  continue  using  the  RFID 
tag  during  operations  by  recording  maintenance  procedures  performed  on  the  asset  and 
referring  to  other  information  stored  on  the  tag  as  the  need  arises,  such  as  installation 
information  for  maintenance  during  a  scheduled  outage. 


Constructor 


RFID  Tag 


Motor 


Identification  Number 
Serial  Number 
Manufacture  date 
Unit  cost  (asset  mgmt) 
Windings,  RPM,  Voltage 
Preventive  Maintenance 
Installation  information 


Owner 

Capital  Asset  Mgmt 
Database 


Figure  2:  Project  Life  Cycle  As  set- Tracking  Model 
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Conclusions 

Radio  frequency  identification  is  becoming  more  popular  as  a  tagging  and 
identification  technology.  In  addition  to  its  relatively  large  storage  capacity,  it  is  very 
reliable  and  extremely  robust  in  harsh  environments.  This  technology  can  play  an 
important  role  in  developing  a  pervasive,  ubiquitous  computing  environment  as  described 
in  this  paper.  Overall,  this  technology  has  significant  potential  for  enhancing  several 
processes  in  the  construction  and  facility  operations  environment. 

Recommendations 

In  order  for  this  technology  to  become  more  widely  accepted  in  a  construction 
and  operations  environment  several  issues  will  need  to  be  addressed.  Interoperability 
standards  will  need  to  be  developed  (as  was  done  for  bar  codes)  that  would  allow  generic 
tag  readability.  This  is  occurring,  but  very  slowly,  as  manufacturers  are  reluctant  to  share 
proprietary  information  about  their  particular  RFID  system.  Metal  still  hampers  the 
ability  to  read  and  write  to  tags  which  can  increase  the  inconvenience  in  using  such 
devices.  Perhaps  other  frequencies  can  be  explored  that  would  be  less  sensitive  to 
metallic  objects.  Cost  may  still  be  an  issue  for  using  these  tags  on  all  items;  it  may  make 
more  sense  to  use  RFID  tags  on  the  more  expensive  engineered  items  that  require  life- 
cycle  monitoring  and  establish  a  different  monitoring  approach  for  bulk  items. 
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Presentation  7:  FAN-Related  Research  at  CMAG  (Lytle). 
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IFC  Model  Server  Technology 

Francois  Grobler, 

ERDC- Champaign 

Introduction 

This  paper  examines  open,  model-based,  web  servers  to  serve  Facility  Management  and 
Facility  Area  Networks.  The  IFC  (Industry  Foundation  Classes)  specification  of  the 
International  Alliance  for  Interoperability  (IAI)  is  briefly  introduced  and  arguments  are 
presented  for  using  a  common  object  model  in  the  evolving  Building  Information  Model 
(BIM)  and  FAN  (Facility  Area  Networks).  The  status  of  IFC  model  servers  is  reviewed 
and  conclusions  are  presented  on  existing  and  developing  capabilities. 

Background 

The  International  Alliance  for  Interoperability  (IAI)  has  been  actively  pursuing 
interoperability  in  the  Architecture,  Engineering,  Construction  and  Facility  Management 
industries  for  8  years.  The  IAI  is  a  non-profit  global  alliance  of  the  building,  research 
and  information  technology  industries  working  to  enable  and  promote  interoperability 
(sharing  information  via  integrated  technological  solutions)  across  disciplines,  technical 
applications  and  the  facility  life  cycle. 

The  IAI  is  dedicated  to  improving  processes,  enabling  integrated  information  exchange 
and  encouraging  collaborative  working  within  the  industry.  Organizations  within  the 
alliance  include  architecture,  engineering,  construction  (AEC),  building  owners  and 
maintainers,  facility  managers  (FM),  product  manufacturers,  software  vendors, 
information  providers,  government  agencies,  trade  and  professional  associations,  research 
laboratories,  and  universities. 

A  major  part  of  the  IATs  mission  is  to  define,  promote  and  publish  the  IFC  (Industry 
Foundation  Classes)  Model  specification,  which  enables  IT  companies  to  integrate 
interoperable  functionalities  into  their  software  applications,  tools  and  systems.  The  IFCs 
are  based  on  non-proprietary,  freely  available,  international  open  standards,  have  regular 
releases,  and  provide  a  global  software  certification  process.  The  IAI  continues  to  work 
on  additional  and  improved  functionalities  to  be  included  in  upcoming  IFC  releases.  The 
IAI  also  develops  XML  schema  (e.g.,  ifcXML  or  aecXML)  to  complement  the  IFC 
Model,  enhance  Internet  communication  and  e-commerce  transactions. 

What  does  interoperability  mean? 

Interoperability  is  the  sharing  and  exchanging  of  information  via  integrated  technological 
solutions,  no  matter  what  project  phase,  discipline  or  participant  role  in  the  building  life 
cycle.  It  involves  innovative  and  integrated  concepts  of  real  time,  on-line  3D/4D  virtual 
projects,  comprehensive  project  data,  value  adding  capabilities,  project  partner 
collaboration  (clients,  service  providers,  product  suppliers,  end  users)  and  stretches 
across  technical  applications,  tools  and  systems.  The  object  oriented,  intelligent  data 
allows  attributes  such  as  geometry,  relationships,  code  compliance,  materials,  cost  and 
time  factors  to  be  added  and  maintained  within  the  virtual  model.  It  integrates  with  web- 
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based  technologies  and  allows  each  participant  to  use  technologies  and  software  specific 
to  their  needs  without  losing,  compromising  or  corrupting  project  data. 

The  benefits  of  interoperability  in  the  building  community  include  improved 
productivity,  competitive  advantage,  increased  profitability,  integrated  processes, 
seamless  information  flow,  whole-of-project  approach  and  enhanced  capabilities.  It  also 
incorporates  improved,  collaborative  processes  that  result  in  reduced  time,  cost  and 
rework  by  all  project  participants  throughout  all  phases  of  the  life  of  the  facility. 

Data  exchange  in  IFC 

Interoperability  is  enabled  by  the  IFC  standard  that  defines  the  common  semantics  for  a 
shared  data  model  used  by  project  participants.  In  order  to  exchange  information  freely 
the  messages  (data  packets)  must  be  based  on  this  shared  data  model.  However,  in  IFC 
several  syntaxes  are  acceptable.  In  file-based  exchanges  between  IFC  compatible 
software  the  data  is  exchanged  as  in  “STEP  Physical  File”  (SPF)  format  as  defined  by 
IS01030-Part  21).  The  IFC  model  is  also  expressed  in  XML,  i.e.  ifcXML  is 
automatically  generated  from  the  IFC  model  (documented  in  the  EXPRESS  language  per 
ISO  10303-Part  11)  using  a  methodology  and  software  developed  by  the  IAI,  based  on  an 
ISO  translation  methodology  for  generating  XML  from  EXPRESS  product  models  (ISO 
10303-Part  28).  ifcXML  is  extensively  used  by  the  model  servers  described  below  for 
Internet  based  communication  of  data.  aecXML  is  an  effort  of  the  North  American  IAI  to 
develop  schemas  for  North  American  needs  based  on  ifcXML,  while  incorporating 
elements  of  XML  already  in  use  for  commerce  purposes  (i.e.  XML  that  does  not  overlap 
in  scope  with  ifcXML). 

Building  Information  Model 

Recently  the  concept  of  Building  Information  Model  (BIM)  was  popularized  in  the  trade 
press,  but  the  concept  has  a  much  longer  lineage.  The  notion  to  store  all  project  relevant 
data  over  its  lifecycle  can  be  traced  to  at  least  the  NSF  sponsored  Woods  Hole 
Workshops  in  the  1970’s  and  perhaps  earlier.  The  IAI  community  has  been  pursuing  the 
same  concept  since  the  beginning. 

Many  of  the  benefits  mentioned  above  can  only  be  realized  in  the  context  of  a  shared  data 
storage  capability  that  covers  the  facility  life -cycle  and  allow  access  to  relevant  data  to 
participants  in  the  process  as  needed,  while  offering  the  owner  of  the  facility  the  control 
needed  to: 

1)  Safeguard  this  valuable  information. 

2)  Archive  this  information  in  a  vendor  independent  format  (a  big  issue  with 
government  owner  who  routinely  own  facilities  for  decades,  or  even  centuries) 

3)  Exchange  software  conveniently  when  newer,  more  powerful  software  becomes 
available. 

Figure  1  depicts  the  concepts  of  a  BIM  in  the  center  of  the  facility  life  cycle,  providing 
data  access  to  the  many  business  processes  of  interest  along  the  way. 

While  a  firm  definition  for  BIM  has  not  emerged  yet,  this  paper  proposes  the  following 
definition: 
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A  computable  representation  of  the  physical  and  functioned  characteristics  of  a 
facility,  and  its  related  project/ life-cycle  information .  7f  integrates  all  the  relevant 
aspects  into  a  coherent  organization  of  data  that  computer  applications  can 
access,  modify  and/or  add  to  it,  if  authorized  to  do  so,  using  open  industry 
standards. 


Figure  l:  Building  Information  Model 


Why  a  model  server? 

A  large  number  of  software  products  have  implemented  support  for  file-based  exchanges 
of  IFC  model  project  data,  i.e.  IFC  read  and  write  functionality.  These  exchanges  have 
clearly  demonstrated  the  benefits  of  using  common  semantics  and  syntax  in  exchanging 
common  information  about  projects,  and  pilot  projects  have  shown  that  the  file  exchange 
does  serve  certain  situations  well.  However,  when  file  based  exchange  is  used  in  real 
projects  the  limitations  of  tile  exchange  become  evident  very  quickly.  If  there  are  a  large 
number  of  participants,  such  as  real  project  invariable  have,  the  management  required  to 
make  sure  each  participant  is  using  the  right  version  of  the  files  becomes  impractical. 
Additionally,  managing  access  rights,  versioning  and  the  right  to  make  and  save  changes 
become  a  significant  burden,  is  cumbersome  and  prone  to  human  mistakes. 

Additionally,  direct  communication  over  the  Web,  from  application  to  application  is  not 
feasible. 


3 


ERDC/CERL  SR-04-33 


81 


What  is  a  model  server? 

The  Web-based  model  server  approach  solves  these  problems.  The  model  server 
provides  a  central  repository  of  the  shared  information  in  the  IFC  model  and  all 
authorized  users  have  instant  access  to  the  most  up-to-date  information  that  is  relevant  to 
their  disciple  from  anywhere  where  Web  services  are  available,  using  any  device.  (IFC 
model  server  access  has  been  demonstrated  via  mobile  phone  in  Japan  to  a  server  in 
Finland).  Additionally  data  management  features  such  as  partial  model  exchange,  merge, 
append  and  changes  tracking  become  possible.  It  is  these  additional  features  that  make 
model  servers  much  more  than  a  document  management  system. 

Advantages  of  using  a  model  server 

The  advantages  of  using  a  model  sever  in  conjunction  with  FAN  are  important  and 
pervasive.  While  it  is  possible  to  provide  significant  enhancements  to  various  operations 
and  transactions  without  using  the  common  semantics  of  an  underlying  object  model,  the 
real  power  of  interoperability  is  only  realized  when  that  is  the  case.  It  is  estimated  that 
every  piece  of  information  used  in  the  life  cycle  of  a  construction  project  is  entered  more 
than  seven  times,  with  the  commensurate  share  of  errors  and  distortions.  Using  different 
data  models  for  different  parts  of  the  process  only  perpetuates  the  problem.  Object  server 
technology  based  on  IFC  models  make  available  the  most  accurate,  up-to-date- 
information  throughout  the  building  life  cycle,  as  the  information  evolves.  Using 
standard  Web  services  any  device  that  can  connect  to  the  Internet,  including  devices  of 
interest  to  FAN,  can  access  this  information. 

One  strong  benefit  of  using  a  BIM  on  a  model  server  is  difficult  to  quantify  -  that  is  the 
expectation  that  once  all  the  BIM  data  is  readily  available,  correct  and  up-to-date, 
ingenuity  will  lead  to  many  new  methods  of  management,  analysis  and  prediction  that  the 
industry  have  not  dreamed  of  yet,  and  some  of  the  intelligent  agent  capabilities  that  we 
have  dreamed  about. 

Software  developers  can  readily  use  IFC  model  services  in  their  software  products  by 
creating  clients  that  communicate  with  the  server  using  standard  Web  technologies 
(XML,  Web  services/ SOAP).  End  users  who  are  mostly  interested  in  “pushing  the  ‘save 
as’  button,  don’t  interact  with,  and  can  be  unaware  of,  the  server  function;  for  them  it 
simply  appears  as  the  ability  of  the  software  they  are  using  to  share  IFC  models  over  the 
internet. 

As  a  result  the  proposed  FAN  element  software  could  be  built  upon  the  shared  BIM, 
accessible  in  an  open  standards  and  being  developed  and  populated  as  the  facility  moves 
along  its  life  cycle.  The  FAN  modules  could  access  this  information  using  standard  web 
services  with  context  aware  hardware,  enabled  by  the  extensive  geometry,  space,  product 
and  other  information  that  is  served  by  the  IFC  servers. 

Model  server  development  in  IFC  community 

The  IAI  started  its  efforts  towards  interoperability  with  the  development  of  the  IFC 
model,  because  that  type  of  international  consensus  standard  making  can  be  time 
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consuming.  However,  it  was  anticipated  from  the  beginning  that  model  servers  will  be 
used  in  “real  world”  application  and  deployment. 

A  number  of  middle -ware  projects  were  launched  quite  early  and  as  a  result  several 
product  have  been  developed.  For  example,  the  Finnish  company  Olof  Granlund 
developed  “BS  Pro”  (BS  for  building  services)  around  1998  to  serve  as  object  server 
between  IFC  model  based  building  information  and  energy  simulation  software.  This 
product  served  its  intended  function  rather  well  and  today  the  DOE  and  Lawrence 
Berkeley  National  Laboratory  are  still  using  it  for  their  premier  energy  simulation  engine 
“Energy Plus”.  BS  pro  is  more  aptly  described  as  middleware,  nol  a  full-fledged  model 
server. 

The  second  generation  of  IFC  servers  was  started  by  the  Seeom  IFC  server,  de  veloped  by 
the  Japanese  linn  with  that  name.  Die  purpose  of  this  server  was  to  sen  e  IFC  data  in  a 
legacy  format  for  use  by  domestic  Japanese  software.  Later  the  developer,  Yoshinobu 
Adachi,  joined  forces  with  VTT  in  Finland  during  a  sabbatical  and  developed  IMSvr 
during  2001  and  2002  [1].  Work  on  IMSvr  was  completed  in  September  2002. 

Some  of  the  technology  challenges  addressed  in  this  project  were: 

*  Storing  IFC  model  data  in  a  database  system.  (SQL  Server,  Oracle,  etc) 

*  Automatic  schema  conversion  from  EXPRESS  to  database  schema  by  utilizing 
XML  technology 

*  XML  based  SOAP  communication  between  model  server  and  client  software 

Die  IMSvr  is  in  the  public  domain  and  available  for  use.  Since  it  is  freeware  extensive 
support  is  not  available,  but  Mr.  Adachi  has  been  willing  to  provide  help  as  needed.  A 
brief  review  of  IMSvr  by  the  Teclmical  Coordinator  for  the  BLIS  software  development 
group)  is  available  [2] 

Several  other  commercial  efforts  started  around  the  same  time  and  resulted  in  commercial 
and  fully  supported  products.  Die  most  notable  products  arc  the  Euro  Step  Model  Server 
for  IFC  (EMS)  ID  and  EPM  EXPRESS  Data  Manager  (EDM)  |4| 

EMS  is  a  pure  Java  application  and  supports  MySQL,  SQL  Serve  and  ORACLE 
databases.  The  native  data  access  fonnal  for  EMS  is  XML  per  ISC)  10303-Part  28.  Die 
data  interface  can  be  used  with  http -request,  XML-e xchangcs  or  with  SOAP  wrapped 
massages.  It  provides  a  strong  set  of  model  server  capabilities  such  as  version  and 
change  management,  document  management  and  linking,  model  browsing  and  more. 

EDM  is  a  suite  of  software  offering  a  native  object  database  with  interface  building  and 
application  building  utilities.  It  also  offers  a  basic  set  of  model  server  type  capabilities 
and  access  control. 
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Figure  2:  The  IMSvr  Framework 


SABLE  project 

The  SABLE  acronym  stands  for  “Simple  Access  to  the  Building  Lifecycle  Exchange”. 
The  Sable  project  is  a  collaborative,  open  effort  to  develop  model  server  specifications. 
Close  to  20  companies  are  participating  in  the  project  that  started  in  mid-2003  and  is 
scheduled  to  complete  by  mid  2005.  According  to  the  SABLE  website  [5]  the  objective 
is: 

In  short  SABLE  is  about  harmonizing  the  access  to  IFC  model  servers  and  the 
access  to  the  data  that  persists  on  these  servers  by  defining  a  common  low  level 
API  to  IFC  Model  Servers  and  a  set  of  high-level  domain  specifics  API  to  the  IFC 
data  model 
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SABLE  will  have  the  following  model  server  capabilities: 

1)  Administration  -  Create  and  manage  projects/facilities;  create  and  manage  roles; 
create  and  manage  participants/users;  manage  roles  in  projects  and  assignment  of 
participant  to  roles. 

2)  Data  fetch  -  Get  containment  tree;  object  by  ID;  object  by  type. 

3)  Data  modification  -  Create  and  manage  objects  and  BIM;  ownership  and  access 
to  objects. 

4)  Documentation  -  Create,  link  and  get  documentation  to  relevant  elements  of 
model  and  objects. 

5)  Import/Export  -  Import  and  export  model  data  in  STEP  Physical  File  (10303,  part 
21)  and  XML  (10303,  part  28  -  which  is  still  in  Committee  Draft  status)  [6]. 

6)  Information  -  Set  and  get  project  and  model  information;  set  and  get  project  and 
model  metadata;  get  model  statistics. 

7)  Create  store  and  execute  partial  model  queries. 

8)  Session  management  -  login;  select  project;  model;  logout. 

9)  Versioning  -  Set  and  get  model  versions;  manage  versions;  merge. 

In  addition  to  strengthening  the  expected  model  server  capabilities  such  as  versioning, 
access  control,  tracking  ownership  of  objects  and  change  rights,  SABLE  extends  the 
notion  of  IFC  model  server  in  mainly  two  ways: 

1)  SABLE  enables  a  BIM  across  multiple  distributed  model  servers 

2)  SABLE  facilitates  easier  IFC  compatible  software  implementation  by  defining 
a  series  of  Domain  Specific  Web  Services.  The  current  goals  are: 

o  Architecture  Design  Web  Service  (ADWS) 
o  Space  Planning  Web  Service  (SPWS) 
o  HVAC  Design  Web  Service  (HDWS) 
o  Construction  Management  Web  Service  (CMWS) 
o  Thermal  Load  Calculation  Web  Service  (TLCWS) 
o  Quantity  take-off  Web  Service  (QTOWS) 
o  Cost  Estimation  Web  Service  (CEWS) 
o  Facility  Management  Web  Service  (FMWS) 

For  the  purpose  of  developing  FAN  services  and  BIM  use  by  Government  facility 
owners,  it  would  be  important  to  participate  in  the  business  case  development  and 
requirements  definition  of  Facility  Management  Web  Services  in  the  SABLE  project. 

Status  of  IFC  models  servers 

In  summary,  currently  there  are  several  2nd  generation  IFC  model  servers  available  from 
commercial  vendors,  such  as  EDM  and  E MS,  as  well  as  IMSvr  available  in  the  public 
domain.  These  servers  store  a  BIM  on  a  single  database  server  using  commercial  DBMS 
such  as  MySQL,  SQL  Serve  and  ORACLE. 

The  SABLE  project  is  a  combined  effort  of  all  the  players  in  the  category  above  as  well 
as  many  other  software  vendors  and  user  organization,  to  create  a  robust,  industrial- 
strength,  distributed  environment  for  storing  BIM  with  all  the  services  necessary  to 
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Figure  4:  Overview  of  the  SABLE  Architecture 

facilitate  rapid  and  robust  application  development.  Progress  on  the  ABLE  project  is 
according  to  schedule  and  expected  to  conclude  by  mid-2005.  Many  of  the  vendors 
involved  in  the  project  are  implementing  the  SABLE  capabilities  as  the  specification  are 
being  proposed  and  proofed,  so  it  is  expected  that  commercial  offerings  based  on  the 
SABLE  specifications  will  become  commercially  available  by  late  2005. 

Some  of  the  accomplishments  of  the  SABLE  project  to  date  are: 

•  Model  Server  Web  Services  (MSWS)  Specification  published  -  December  2003 

•  SABLE  High  level  Resources  API  "Geometry”,  “Architecture",  "Thermal 
Analysis"  all  started  in  June-July  2003. 

•  SABLE  High  level  Domain  API  "Quantity  Information  for  Cost  Estimation" 
started  in  January  2004. 

Conclusions 

In  order  to  elevate  the  AEC+FM  industries  to  the  next  plateau  of  efficiency  (in  fact,  to 
turn  around  a  alarming  decline  in  productivity)  the  fragmentation  of  the  industry  has  to  be 
addressed.  The  most  promising  approach  to  this  achievement  is  data  sharing,  or 
interoperability,  among  project  participants  along  the  life  cycle  of  facilities. 

Facility  Area  Networks  offer  new  levels  of  work  productivity  and  quality  in  the  Facilities 
Ownership,  Operation  and  Maintenance  area.  However,  to  maximize  these  benefits  it  is 
important  that  FANs  do  not  develop  new  “islands”  of  interoperability,  outside  the 
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industry  effort  by  the  IAI.  It  is  crucial  that  FANs  utilize  the  existing  and  evolving  IFC 
model  as  the  basis  for  modeling  its  own  data,  so  that  merging  it  into  the  larger  stream  of 
BIM  life  cycle  information  can  be  accomplished  efficiently  and  accurately. 

The  IFC  model  servers  that  are  currently  available  provide  the  initial  capabilities 
necessary  for  developing  FAN  demonstrations  within  the  context  of  IFC-based  BIM. 
Emerging  capabilities  through  he  SABLE  project  are  likely  to  fully  satisfy  the 
requirements  of  “real  world”,  deployed  FANs,  if  the  requirements  are  considered  in  the 
SABLE  project. 

The  Collaboration  with  the  SABLE  project  from  the  FAN  development  community  is 
recommended  to  ensure  any  specific  requirements  are  considered  in  the  specification. 
The  development  of  the  Facility  Management  Web  Service  (FMWS)  module  has  not  yet 
started  (at  this  writing  in  Feb  2005)  and  this  forum  would  offer  the  ideal  opportunity  to 
elevate  any  FAN  specific  requirements  for  inclusion  in  the  FMWS  specification. 
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Presentation  8:  IFC  Model  Servers  (Grobler). 
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Grobler  presentation  continued 
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Grobler  presentation  continued 
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Grobler  presentation  continued 


Efcimoratraftlon  of  Efff«live  information 

Ftpw  In  the  Bull  cling  Industry  enabled  fry 

IFC  Model  Servers 

A  EC  Sysla  ms. 

Orlaido,  1"?  FebnuiPi  2wi4 
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Design  Phases 

[inland  ARK  05 

Project  Slaves 

Models 
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Project  planning 
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OVcnill  design 
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Grobler  presentation  continued 
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Grobler  presentation  continued 


IFC  Model  Servers 

□  Definition  of  a  Model  server 

□  A  bit  [iflHHiurv 

□  IMSvr 

□  SABLE  specification 


IFC  Model  Servers:  a  Short  Mislorv 

■  Servers  w$fe  nnlk-lpalcd  from  lIil-  beginning 

■  Example  of  11  rsl  gL'nirnLiisn 

*  HSPpfi  Olpf  Urjnliiml  FbWfpli  I’nnEiKlnr 

■  li  e "  i  undid  verver  S-cciriti,  Jiipiui 

■  3rd  gef^nitlen 
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*  EuroStqi  - 

+  l.-laMJuim'  LX  Pill  sSYdLimnraiia^rd.UMl 

Brief  Introduction  of  IMSvr  Web 
Service  Methods 

■  Cic4Fra;<KLL^L 

■  RtlL-rns-  Lnt  of  IPC  pmirRts  itprcl  n  Hie  madvf  4cfvet 

■  GstffltyBct 

■  EmdCt+wli 
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What  is  the  impact  of  IFC? 

■  Building  owner  may  tnkc  ownership  of  decisions 
;uhJ  si3I  jnfomiatwjr  in  liy  tiding  lilt  cycle. 
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Definition  of  an  IFC  Model  Server 

■  A  persi&tem  object  repository  and 
associated  object  management  capabilities 
to  provide  and  control  access  lo  IFC  model 
dala. 

■  It  typically  also  includes  methods  to  serve 
II  I  objects  across  the  Internet 

■  May  depend  on  relational  databases  for 
pcndslenL  sccun?  storage  of  data. 
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Grobler  presentation  concluded 


IMSvr  Info 

■  hxurj  .'rie.vu .  il/nroitfcis/ifcsvr/ 

m  In  public  domain 

■  Can  be  used  now 

#  Not  B  commercial  product  support 
depend  on  original  developers 

■  NelSt  -SABLF  pmjeui 


Conclusions 

■  I I'f  is  ready  for  pilot  and  real  projects 

■  FAN  should  be  HIM  interoperable 

■  Examples  of  I  PC  Model  Server  Gperal  bn 
have  been  successfully  demo  nitrated 

■  IFC  models  server  ore  available  for 
prototype  FAN 

■  Recommend  FAN  to  participate  hi  SABLE 
FM  view  definition 
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Concluding  Presentation  (27  February  2004) 

Bill  East,  ERDC-CERL,  Facilities  Maintenance  Branch 

Presentation  9:  Concluding  Presentation  (East). 


facility  area  networks 


workshop  purpose 


26  February  2004 
Champaign,  IL 


•  •  • 


what  does  it  look  like? 


results  to  be  measured 


technologies 


o  decrease  oSm  cost 

increase  in  “wrench -time"  per  day 
decrease  in  late  work  order  reporting 
decrease  in  return  repair  visits 
decrease  travel  cost,  double-up  on  jobs/site 

o  reduce  inventory  cost 

decrease  cost  of  finding  lost/moved  items 
reduction  in  cost  of  record  keeping 
improved  quality  of  inventory  data 
small  tool  tracking 


o  web  service  federations 
o  ubiquitous  wireless  networks 
o  appropriate  device  forms 
o  position  locating  technology 
o  contextual  information  retrieval 


objectives 


o  identify  technology  gaps 

o  calibrate  fan  against  industry/research  efforts 

o  Identify  existing  o&m  information  infrastructure 
needs 
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4  Discussion  Sessions 


General  Issues  in  Facility  Area  Networking  (26  February  2004) 

At  the  conclusion  of  Dr.  Grobler’s  presentation  (see  page  78),  a  general  discus¬ 
sion  touched  on  issues  related  to  the  Building  Information  Model  (BIM),  legacy 
data,  classification,  and  other  topics.  The  main  discussion  explored  the  benefits 
of  establishing  a  secure,  web-based,  virtually  centralized  but  physically  distrib¬ 
uted  repository  for  facility  life-cycle  information.  It  was  generally  agreed  that 
the  BIM  concept  is  desirable  from  the  perspective  of  the  facility  owner,  who  can 
control  their  own  facility  information  as  valuable  resource.  If  the  BIM  is  based 
on  an  open  standard  that  supports  interoperability,  such  as  IFC,  owners  will  not 
be  held  captive  by  software  vendors’  proprietary  file  formats  and  can  select  the 
most  appropriate  programs  in  the  suite  of  software  to  operate  on  the  BIM. 


Development  and  Implementation  Issues  (27  February  2004) 


The  main  discussion  session  took  place  on  Friday,  27  February  2004.  Mr.  East 
presented  an  illustration  (Figure  1)  to  organize  the  discussion  for  FAN  purposes, 
and  this  approach  was  accepted  by  the  workshop  group. 


1.  Data  sources. 

2.  Access  to  data 
sources. 

3.  Support  the  user 

4.  Local  vs  central 
storage. 

5.  Instrumentation 
of  facilities 


Figure  1.  Organizing  the  FAN  approach  to  facility  life-cycle  support. 
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Data  Source  Considerations 

Data  sources  (item  1  in  Figure  )  was  the  first  topic  considered.  It  was  generally 
agreed  that  the  life-cycle  BIM  approach  must  be  promoted  and  that  such  a  cen¬ 
tral  data  repository  is  a  prerequisite  and  must  initiate  the  process.  Maintenance 
Management  Systems  (MMS)  were  discussed  in  this  context,  but  it  was  agreed 
that  the  required  BIM  would  contain  much  more  that  MMS  and  that  it  would 
serve  a  broader  spectrum  of  users.  It  also  was  agreed  that  the  IFC  model  and 
open  standards  such  as  IFC  are  much  preferred  to  proprietary  options. 

The  IFC  model  was  explored  next  to  check  its  capabilities  compared  to  perceived 
requirements  in  the  FAN  area.  It  was  noted  that  mixed  information  can  be 
stored  in  the  IFC  model  and  text  information  can  be  externally  referenced.  Since 
object-based  information  in  the  IFC  model  can  be  programmatically  accessed  by 
software,  inventories  such  as  furniture  asset  lists  can  be  easily  constructed.  Us¬ 
ing  an  IFC-based  BIM  could  significantly  reduce  the  current  difficulty  of  the  re¬ 
liable,  affordable  transfer  of  useful  information  between  the  design/construction 
phase  and  the  O&M  phases.  However,  it  was  noted  that  such  as-built  usage 
would  require  strict  discipline  in  terms  of  continually  updating  the  BIM  informa¬ 
tion  as  the  project  evolves.  It  was  expected  that  such  discipline  would  be  readily 
attainable  because  all  members  of  the  project  team  would  be  motivated  to  keep 
the  BIM  information  current  since  they  would  be  using  the  shared  information 
for  their  own  operational  purposes. 

Omniclass  (see  www.occsnet.ora)  was  discussed  as  providing  the  needed  classifica¬ 
tion  system  to  properly  populate  an  IFC-based  BIM.  Responding  to  a  question 
about  the  potential  cost  of  using  Omniclass,  Dr.  Grobler  explained  that  the  copy¬ 
right  for  Omniclass  is  held  by  a  non-profit  development  group  and  that  he  ex¬ 
pects  that  no  royalties  would  be  required  to  use  it. 

The  issue  of  legacy  data  and  the  difficulty  of  converting  it  to  BIM  format  was 
discussed.  Dr.  Grobler  mentioned  that  the  U.S.  Coast  Guard  (USCG)  has  devel¬ 
oped  IFC-based  BIMs  of  the  Charleston  Base  Facilities.  Their  experience 
showed  that  basic  IFC  models  of  existing  facilities  can  be  developed  for  about 
$20,000  per  building,  i.e.,  about  $0.17  per  square  foot.  The  USCG  BIMs  were 
primarily  developed  for  facility  management  and  planning  purposes  and  lacked 
details  necessary  for  other  purposes,  but  these  were  still  intelligent  models  that 
could  be  used  for  a  variety  of  purposes. 

Mr.  Dunn  noted  that  it  would  be  more  cost-effective  to  start  new  facilities  as 
BIM  and  said  the  Navy  hoped  to  derive  the  OMSI  data  for  O&M  purposes  from 
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the  IFC  model.  Mr.  McCauley  made  reference  to  the  GSA  equipment  numbering 
scheme  and  the  need  to  track  equipment  conveniently  (possibly  with  RFID  tags) 
in  a  database  or  BIM.  The  GSA  was  considering  a  mapping  from  existing  sys¬ 
tems  to  IFC-based  BIMs  using  an  open  classification  system  (Omniclass),  where 
possible,  rather  than  a  proprietary  one. 

The  discussion  turned  to  implementation  issues,  and  it  was  noted  that  the  IFC 
model  will  evolve  over  time,  thus  a  flexible  underlying  technology  is  needed. 
Such  technology  would  rely  on  keywords  and  classification  systems  (or  lexicons), 
and  it  should  be  speedy,  simple,  and  universal  (preferably  international,  because 
that  provides  incentive  for  large  software  vendors  to  adopt  it).  Implementation 
of  the  SABLE  (Simple  Access  to  the  Building  Life-cycle  Exchange)  specification 
for  IFC  object  models  server  was  extensively  discussed.  The  SABLE  project  is  an 
effort  by  members  of  the  Building  Lifecycle  Interoperable  Software  (BLIS)  group 
(see  http://www.blis-proiect.ora/~sable/)  and  is  an  open  standard  for  “middleware” 
object  servers  to  interface  via  the  Web  between  user  software  and  actual  data¬ 
bases.  The  SABLE-based  servers  will  be  full-featured,  distributed,  web-based 
servers  that  can  be  connected  to  relational  or  object-oriented  database  back-ends 
to  physically  store  the  BIM  information.  Questions  related  to  relational  versus 
object-oriented  databases  to  store  IFC  information  were  not  an  issue  because 
both  have  been  successfully  used.  SABLE  servers  will  also  provide  security,  us¬ 
ers  controls,  versioning  of  the  BIM,  and  other  features  required  for  full-scale  in¬ 
dustrial  use. 

Dr.  Grobler  explained  that  the  SABLE  workgroup  approaches  specification  de¬ 
velopment  by  business  case  and  that  the  data/transaction  view  definition  for  fa¬ 
cility  management  has  not  been  started  yet.  He  stated  that  this  situation  repre¬ 
sents  an  opportunity  to  the  FAN  group  to  become  involved  and  ensure  that  its 
requirements  are  considered  in  the  process. 

At  this  point  the  group  realized  that  most  of  the  discussion  time  had  elapsed  and 
it  agreed  to  move  to  new  topics. 

Data  Access 

Access  to  data  sources  (item  2  in  Figure  1)  was  addressed  in  a  discussion  of  ob¬ 
ject  tagging.  It  was  noted  that  both  active  and  passive  RFID  tags  are  necessary 
for  economical  real-world  solutions  since  passive  tags  are  very  inexpensive  com¬ 
pared  with  active  tags.  The  ability  to  read  a  tag  from  a  distance  is  needed  only 
when  the  tagged  object  is  moving,  such  as  a  loaded  truck  or  moving  pieces  of 
equipment.  A  stationary  object  could  be  well  serviced  by  a  passive  tag,  and  the 
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manufacturer  could  even  install  such  tags  more  affordably  than  attachment  by 
the  owner.  Addressing  the  data  access  issue  requires  tradeoff  analysis  to  deter¬ 
mine  how  much  information  should  be  available  from  the  tag  versus  how  much 
should  reside  on  a  hand-held  device.  Also,  if  the  information  is  to  be  available  in 
the  BIM,  questions  of  worker  access  will  involve  a  trade-off  between  network 
availability  and  access  versus  the  amount  of  wireless  bandwidth  available. 

User  Support 

User  support  (item  3  in  Figure  1)  was  briefly  discussed  in  the  context  of  discuss¬ 
ing  what  capabilities  and  information  should  be  made  available  on  hand-held 
devices  to  support  the  worker.  It  was  noted  that  position  location  (either  by 
global  positioning  system  [GPS]  or  triangulation)  of  worker  and  RFID  tags  would 
be  a  requirement,  and  that  three-dimensional  BIMs  are  an  enabling  technology 
for  sophisticated  position  location.  Another  issue  discussed  was  repair  and  ser¬ 
vice  manual  information,  which  must  be  conveniently  and  instantly  available 
through  a  combination  of  tags,  hand-held  devices,  and  network  access. 

Central  Versus  Local  Storage 

A  question  related  to  data  access  that  prompted  significant  discussion  was,  “If  a 
building  is  wired,  why  do  I  need  RFID  tags  at  all?”  The  group  explored  the  ques¬ 
tion  from  various  angles,  including  the  issue  of  local  versus  central  storage  (item 
4  in  Figure  1).  It  was  concluded  that  a  certain  amount  of  planned  redundancy 
would  be  beneficial.  As  a  general  rule,  the  group  thought  it  best  to  store  supply 
chain  information  on  the  tag  (Manufacturer  ->  supplier->  yard;  quantity;  who  is 
responsible  for  the  warranty,  etc.)  and  to  store  operational  information  in  the 
BIM.  Because  workers  must  maintain  a  high  degree  of  mobility,  the  consensus 
was  that  BIM-based  network  information  will  not  be  sufficient,  and  that  select 
service  information  also  must  be  on  the  RFID  tag.  Dedicated  research  would  be 
needed,  with  due  consideration  of  the  amount  of  wireless  bandwidth  available,  to 
develop  optimal  solutions  that  define  what  information  to  store  on  tags  locally,  or 
on  hand-held  devices,  or  on  the  network  connected  to  the  BIM. 

Instrumentation  of  Facilities 

Item  5  in  Figure  1  produced  significant  discussion  that  invoked  a  comparison  of 
very  intelligent  buildings  with  the  mammalian  central  nervous  system.  A  smart 
building  was  envisioned  to  have  a  brain,  memory,  a  nervous  system,  and  ‘sense 
organs.’  The  building’s  brain  would  encompass  the  process  and  control  capabil¬ 
ity  of  the  building  software;  the  central  memory  would  incorporate  all  BIM  data 
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content;  and  the  nervous  system  would  consist  of  the  networking  capability 
(whether  hard-wired  or  wireless),  with  data  supplied  to  the  system  by  RFID  tags 
and  other  sensors  analogous  to  sense  organs. 

In  a  building  with  a  ‘central  nervous  system,’  key  building  components  could 
take  the  initiative  and  ‘announce’  their  need  for  service.  For  example,  a  me¬ 
chanical  room  could  detect  water  on  the  floor  and  report  it  as  an  anomaly  and 
symptom  of  a  potential  problem.  It  was  envisioned  that  a  sensor  detecting  an 
anomaly  could  invoke  a  Bluetooth®  (wireless  networking  protocol)  call  for  help 
while  reporting  suspect  conditions  such  as  the  unwanted  presence  of  water,  off- 
specification  water  temperature,  or  elevated  CO2  level.  RFID  tags  could  serve  as 
nerve  and  distributed  memory  cells  for  a  ‘self-aware’  building:  they  and  other 
distributed  micro  devices  could  “talk”  to  the  building  network.  RFID  tags  could 
also  evolve  into  ‘agent’  capabilities  if  they  contain  rules  to  self-process  and  were 
able  to  communicate  bi-directionally  to  invoke  appropriate  action  in  actuator  de¬ 
vices. 

At  this  point  in  the  discussion  the  available  time  was  up,  and  the  workshop  con¬ 
cluded  with  Mr.  East  thanking  the  participants  for  their  contributions. 
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5  Workshop  Conclusion:  Summary  and 
Recommendations 

The  attendees  of  the  workshop  developed  a  considerable  amount  of  agreement 
and  consensus  over  the  course  of  the  workshop.  Workshop  participants  left  in 
general  agreement  on  the  following  points: 

1.  The  group  endorsed  the  hypothesis  that  “having  the  right  data  at  the  right 
time”  is  expected  to  improve  productivity  and  quality  of  work  accomplished. 

2.  BIM  modeling  is  considered  an  important  facilitating  technology  for  making 
available  the  right  data  at  the  right  time. 

3.  BIM  based  on  open  standards,  such  as  IFC,  is  strongly  preferred  over  closed, 
proprietary  standards. 

4.  Based  on  the  reported  status  of  industry  developments,  the  group  supported 
further  exploration  of  how  IFC-based  BIM  may  be  used  in  FAN  and  O&M  in 
general.  It  is  believed  that  sufficient  capabilities  now  exist  to  vigorously  start 
planning,  testing,  and  piloting  efforts  to  deploy  this  technology. 

5.  In  order  to  make  a  BIM  management  approach  practical  for  large-scale  im¬ 
plementation,  government  and  industry  need  distributed,  web-based,  object 
server  technology  such  as  that  promised  by  SABLE  servers. 

6.  Science  and  technology  to  help  create  BIM  for  existing  facilities  are  needed, 
and  the  co-existence  of  BIM  and  legacy  systems  presents  rich  opportunities 
for  research. 

7.  RFID  tag  technology  can  support  many  aspects  of  FAN  and  O&M  in  general. 

8.  Wireless  networking  is  an  important  technology  for  providing  access  to  in¬ 
formation  by  workers  and  creating  virtual  networks  linking  sensors,  RFID 
tags,  controllers,  and  BIM. 

9.  Secure  confederations  of  such  networks  will  be  required. 

10.  Laser  scanning  technology  holds  promise  to  aid  in  the  modeling  of  existing  fa¬ 
cilities  as  BIMs,  at  least  at  the  'building  carcass’  level. 

11.  The  design,  organization  of  information,  and  knowledge  structures  of  intelli¬ 
gent  buildings  is  an  open  field  of  technical  pursuit,  and  much  further  explora¬ 
tion  is  warranted. 

12.  Certain  industry  standards  and  practices  must  be  worked  out  and  adopted. 
For  example,  deployment  of  a  BIM  approach  in  the  design  /  construction  /  fa- 
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cility  management  interface  will  require  the  review  and  updating  of  contrac¬ 
tual  and  other  legal  arrangements.  Industry  standards  will  have  to  be  estab¬ 
lished  to  address  new  or  updated  legal  requirements  —  for  example,  specify¬ 
ing  when  a  BIM  is  to  be  transferred  from  construction  contractor  to 
owner/operator  during  the  commissioning  phase. 

Several  recommendations  were  developed  for  further  work  based  on  the  FAN 
concept  illustrated  in  Figure  1: 

1.  Support  BIM  by  creating  a  consortium  to  implement  a  U.S  Government- 
owned  implementation  of  the  SABLE  object  server  specification.  Mr.  East 
proposed  that  a  consortium  of  potential  users  (government  agencies)  could 
fund  ERDC-CERL  to  develop  the  software  implementation.  The  consortium 
would  ensure  that  diverse  government  requirements  were  fully  represented 
during  development,  and  it  would  own  the  resulting  software.  Once  fully- 
developed,  the  government  model  server  could  be  supported  through  Coop¬ 
erative  Research  and  Development  Agreements. 

2.  Demonstrate  the  impact  and  benefits  of  BIM  using  existing  web  services  and, 
if  necessary,  proprietary  databases.  Without  a  clear  demonstration  of  bene¬ 
fits,  it  is  unlikely  that  key  decision  makers  will  be  convinced  to  endorse  the 
long-term  effort  required. 

3.  Develop  a  matrix  of  the  technology  required  for  ubiquitous  computing  in  FAN 
applications.  Because  the  manufacturers  of  existing  related  technologies  are 
focused  largely  on  logistics,  special  devices  and  sensors  need  to  be  identified 
and  specified  for  processing  information  required  for  effective  management  of 
facility  construction,  operations,  and  maintenance. 
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